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In offering to the public this brief description of the 
heavens, it has been my aim to make the work as 
simple and popular as possible. It is, of course, not to 
be expected that it can present much claim to novelty 
or originality. I shall be satisfied if the descriptions 
are true, and easily understood by the younger class 
of learners. The want of such a treatise has been felt 
while endeavouring to furnish popular instruction to 
the pupils of the High-School in this place. The Atlas 
of the Starry Heavens, published in 1839, in German, 
by J. J. Von Littrow, the distinguished Director of the 
Vienna Observatory, was used for some time as a basis 
of a course of oral instruction. The excellence of 
Littrow's Atlas, and of his method of describing the 
heavens, induced me to undertake the translation of 
the entire work. The maps have been re-engraved 
with English names of the constellations, and with 
such modifications as my experience had suggested. 
On comparing, however, Littrow's text with the most 
recent publications, particularly the Micrometric Mea- 
sures of the celebrated Stru ve, I found that the progress 
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IV PREFACE. 

of knowledge in the department of doable stars has 
been so rapid of late, that it was necess£iry to write 
anew all that part which relates to this important por- 
tion of the sidereal heavens. This I have done in con- 
formity with the most recent publications of Struve 
and Maedler. " Another important modification of Lit- 
trow's method was required. He refers to another 
more extensive publication under the title of the 
" Wonders of the Heavens." I have extended this de- 
scription of the heavens so as to embrace a portion of 
the interesting subjects treated of in that work. In 
doing so, I have written anew the chapters on the 
general description of the nebulae, and clusters of stars, 
chiefly from English authorities, among whom I men- 
tion with pleasure the papers of the elder and younger 
Herschei ; — the popular treatise of the latter, on astro- 
nomy, and Madam Somerville's work on the "Con- 
nexion of the Physical Sciences." In writing a treatise 
on Uranography, aiming to be simple and popular, I 
have thought it necessary to furnish, in each constella- 
tion, a method of finding the principal stars in the hea- 
vens by the process of lining: In these descriptions no 
novelty could be expected, and no other merit than 
that of simplicity has been aimed at. The position of 
the stars in the figures is adapted to this Atlas. The 
figures do not in all instances occupy the same place 
and size among the stars as in other Atlases and Globes. 
They rest, however, on the authority of the celebrated 
German astronomer Littrow. One important advan- 
tage will be found in this Atlas over most others; the 



^nt outlines only of the figures are given, and the 
boundaries of the constellations. On a first glance at 
the maps, the stars are the prominent objects which 
strike the eye, and the pupil is not distracted in his 
effi>rts to learn the constellations, by missing in the 
heavens the objects made too conspicuous on the map. 
The number of the maps is so full that there is little 
distbrtidn of the relative positions of the stars. It may 
seem almost preposterous in a work which attempts to 
give an epitome of the sublime discoveries of the Her- 
schels and of Struve, that the fabulous history of the 
almost useless figures in the constellations should be 
interwoven ; they form, however, a part of the history 
of the progress of the human mind in one of its noblest 
studies, and as such must ever claim a place in a popu- 
lar treatise like the present. While aiming to insert 
all that is requisite to aid the steps of the beginner in 
astronomy, the claims and wants of the amateur have 
not been quite neglected. The text, in finer print, con- 
tains a selection of the most important and interesting 
double and multiple stars, nebulae and clusters, in each 
constellation, so described that any person having a 
telescope may select as types some which are suited to 
its capacity, and those who have no instrument may 
be furnished at once with such a description as the best 
instruments afford. 

The work is simply descriptive of the heavens : to 

have attempted a treatise on practical astronomy, or 

the use of instruments, would have made the work too 

complex and voluminous. Those who ^tish to culti- 
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vatethe study of practical astronomy may avati them- 
selves of Gummere's Astronomy, (edition of 1842), 
Mason's Supplement to Olmsted's Astronomy, and 
Bowditch's Practical Navigator. Those who are not 
possessed of the British Nautical Almanac, will find a 
valuable auxiliary in Downes' United States Almanac 
or Complete Ephemeris, which contains numerous 
examples of useful computations in practicai astro- 
nomy, 

Philadelphia, April 23, 1844. 
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PART I. 
SEC. 1. 

GENERAL DESCRIPTION OF THE HEAVENS. 

The starry heavens, on a clear evening, {^resent 
to an observer the appearance of the hollow sur- 
face of a vast hemisphere, in the centre of which he 
is placed, and which is bounded by the seemingly 
circular plane on which he stands. This plane 
appears to meet the heavens in a distant circular 
line which is called the horizon. In this hollow 
surface we see the sun by day, the moon some- 
times by day, sometimes by night, and the planets, 
stars and comets, by night only. A slight degree 
of observation will show that all these objects 
partake of a common apparent motion from.east 
to west. 

If we turn towards the south, we may observe 
some star rising a little to the east of south ; and 
if we watch its course, we shall find that it ascends . 
for a time until it has reached a point towards 
the south at a little distance above the horizon, 
and then descends gradually till it sets in the 

west, — the points of the horizon at which it rises 
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.12 GENERAI. DESCSIPTION 

and sets, being equally distant from the southern 
point. If we observe, in the same manner, a star 
which rises farther from the. southern point than 
the preceding, we shall find that it follows a simi- 
lar path, except that it attains to a greater height 
and continues longer visible. The arc or path in 
which it appears to move, is parallel to that of 
the former, but larger. A circle drawn from the 
south point, perpendicular to the horizon, will 
bisect or divide into two equal portions all the 
arcs described bv the stars, while above the hori- 
zon it will pass through the point directly over 
head, called the Zenith, and continuing down- 
wards, will cut the horizon in the north point. 
This circle is called the Meridian. It corresponds 
to the geographical meridian prolonged in every 
direction to the stars. If we continue our obser- 
vations upon the stars as they rise at difierent 
points of the eastern portion of the horizon, we 
soon discover that the paths they describe are all 
parallel to each other and bisected by the meri- 
dian, — that the segment or visible portion of the 
circle described by any one star, is greater in 
proportion to its distance from the south point, at 
the moment of rising, — that a star which rises 
near the north point of the horizon, will describe 
nearly an entire circle above the horizon, — and 
finally, that there are many stars above the north- 
ern portion of the horizon which never set, bat 
which, if followed with the eye for a number of 
hours, will be found to describe concentric circles 
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that lie wholly above the horizon ; near the cen^ 
tre of these circles is a star which appears to 
remain stationary. This is called the Pole Star. 
And all the stars which do not set are called Cir- 
eumpolar Stars, When the pole star is more 
accurately observed with instruments, it is found 
to describe a small circle around a point, at a dis- 
tance of about a degree and a half. This point 
is called the North Pole of the heavens^ or simply 
the North Pole. 

If these observations be continued on several 
successive evenings, it will be found that the same 
stars always rise at the same points, and move 
precisely in the same manner from east to west ; 
and that at a given time on ' any two successive 
evening^, they appear to occupy nearly the same 
positions with reference to the earth, and exactly 
the same positions with reference to each other. 

The appearance of the heavens, therefore, to an 
observer, supposing himself stationary, is that of 
an immense concave sphere, of which he occupies 
the centre, and which revolves, once in about 
twenty-four hours, round an axis, inclined to the 
horizon, one extremity of which axis is the north 
pole. This motion is called the diurnal motion 
of the heavens. The stars appear to be all fixed 
upon the surface of this Celestial Sphere ; while 
the sun, moon, planets and comets, describe dif- 
ferent paths over the surface and among the stars. 
The apparent diurnal motion of the heavenly bo- 
dies is the same as it would be if they were sta- 
2 
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tiotiary, while the earth, sitciated at the centre of 
the celestial aphere, reToWes from west to east 
once in twenty-four hours, about an ascis which 
produced would pierce the heavens at the north 
pole. 



SEC. 2. 

V 

PREUMIXARY DEFIinTIONS. 

The Jlxis of the Heavens is the line about which 
the heavens appear to revolve. It passes through 
the centre and axis of the earth. The points ia 
which it pierces the heavens are called the North 
and South Poles. 

The Celestial Equator, 6r simply the Equator, 
is the great circle in which the plane of the earth's 
equator produced would cut the <;elestial sphere. 
It intersects the horizon at the east and west points. 

The poles of the heavens are the Geometric Poles of the 
equator. Any circle whose centre is the centre of the sphere, 
and whose diameter is a diameter of the sphere, is called a 
Great Circle, The poles of any circle are the extremities of 
that diameter of the sphere which is perpendicular to the 
plane of the circle, or they are points on the surface of the 
sphere equally distant from all points in the circumference 
of the circle. The poles of a great circle are at the distance 
of a quadrant or 90^ from all points in the circumference of 
that circle. 

Every circle is considered as divided into 360 
equal parts, called degrees ; each degree into 60 
equal parts, called minutes ; and each minute into 
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60 equal parts, called seconds. They are marked 
** ' " — thus: 10° 8' 20 "—which is read ten de- 
grees, two. minutes, and twenty seconds. 

The Declination Circle of a star is a great cir- 
cle passing through the poles of the heavens and 
the star, and cutting the equator at right angles. 
These circles are sometimes called Meridians. 
They are analogous to meridians of places on the 
earth's surface. 

Parallels of Declination are small circles paral- 
lel to the equator. 

A Vertical Line, at any place, is the direction 
assumed by the plumb-line at that place. 

The Zenith and JSTadir, at any place, are the 
points above and below the horizon in which the 
vertical line produced would pierce the heavens. 
They are the poles of the horizon. 

The Meridian of a place is the declination cir- 
cle passing tbough the zenith of the place, cutting 
the horizon at right angles in the J^Torth andSovlA 
points. 

A Vertical Cirde is a great circle passing 
through the zenith and nadir, perpendicular to the 
horizon. The Prime Vertical is that vertical cir- 
cle which is at right angles to the meridian of the 
place, and cuts the horizon in the east and west 
points. 

The Ecliptic is the path through which the sun 
appears to move annually among the stars from 
west to east. It is a great circle of the celestial 
sphere, the plane of which is inclined to that of 

B 
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the equator in an angle of about 23i^. This an- 
gle i» called the Obliquity of the Ecliptic. The 
ecliptic cuts the equator in two opposite points, 
called the Equinoxes. The sun passes one of these 
points about the ^Ist of March, and the other 
about the 23d of September; the former is called 
the VemaU and the latter the Autumnal Equinox. 
The poles of the ecliptic are two opposite points 
of the celestial sphere, about 23^^ distant from 
the poles of the heavens. 

The Equinoctial Colure is the declinatbn circle 
passing through the equinoxes. 

The Right Ascension of a heavenly body is the 
arc of the equator reckoned from the vernal equi- 
nox eastward to the declination circle passing 
through the body. It is precisely analogous to 
the longitude of a place on the earth's surface; if 
th^ position of the equinoctial colure at the^ mo- 
ra^t be taken on the terrestrial meridian from 
which longitudes are reckoned. Right ascension 
is sometimes estimated in timSf allowing fifteen 
degrees for an hour« fifteen circular minutes for a 
minute of time, &c. 

The declination of a heavenly body is the arc 
of a declination circle intercepted between the 
equator and the centre of the body ; or, in other 
words, it is the distance of the body from the 
equator. The declination of an object is called 
JVorth or South, according to its position north or 
south of the equator. Objects on the equator 
have no declination. AH objects on the same 
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parallel of declination have the same declination. 
The declination of a heavenly body is analogous 
to the latitude of a place on the earth's surface. 

The right asceiision and declination of a hea- 
venly body determine its place in the heavens. 
As these terms occur very frequently, they are 
generally^ for the sake of brevity, designated by 
R. A. and Dec. 



SEC. 3. 

CONSTELLATIOirS. 

For the s&ke of convenient reference, the hea- 
vens were early divided into constellations, to 
which were assigned, for the most part, names 
celebrated in fable or in history. The origin of 
the constellations is of great antiquity. The old- 
est books that allude to the starry heavens, treat 
of them as being divided into constellations ; the 
oldest heathen poets, Hesiod and Homer, mention 
some of them by names that are now familiar; 
and we find Orion and the Pleiades spoken of in 
the book of Job and in the prophecy of Amos. 

In the maps of the stars, the dotted boundary 
line marks the space allotted to each constellation 
in the heavens, in the same manner as nations and 
provinces are designated in common geography. 
Hence works like this are called Geographies of 
the Heavens, according to popular acceptation. 
The word Uranography is more correct; but is 
2* 
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not much used in popular treatises. The figures 
in the enclosures for the several constellations^ 
originally designed for Littrow, are not in every 
instance in the same place as those found on com- 
mon globes, and other atlases of the heavens. To 
avoid confusion in thia respect, the descriptions 
of the position of the stars in the figures, are 
adapted to the maps in this book, which rest on 
the authority of this celebrated German astron- 
omer. 

The stars in each constellation are distinguished 
by the letters of the Greek alphabet, which are 
applied to them in the order of their relative 
brightness ; the principal or brightest star being 
called a, the next fi, &c. In the larger constella- 
tion^, after exhausting the Greek alphabet, the 
Roman letters are used, and sometimes numbers. 
Thus : a Lyrse denotes the brightest star in the 
constellation of the Zj^-e, a Tauri the brightest 
star in the Bull, &c. Many of the principal stars 
are also known by particular names, as : Sirius or 
the Dog Start a of the Great Dog; Aldebaran or 
the BulVs Eye, a Tauri ; Regulus or the Lion's 
Heart, a Leonis, &c. 

To facilitate the studies of those readers who 
are not familiar with Greek, we here insert the 
alphabet of that language : 



Alpha, .... a • • • a 

Beta, p ... b 

Gamma, ... y ... g 

Delta, • . . . • 6 . . • d 



Epsilon, • . . s . . . e short. 

Zeta, ^ ... z 

Eta, ij ... e long. 

Theta, . . . . 9,> . . th 
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Iote» * ... i Rho, . . . . • p . , . r 

Kappa, ... « ... kc Sigma, ,,, a ... s 

Lambda, . . x . . . 1 Tau, f ... t 

Mu, fA ... m Upsilon, . . v ... u 

Nu, V ... n Phi, 4» ... ph 

^^' * $ • • • 3C Chi, X ... ch 

Omicron, . . o ... o short. Psi, 4, ... ps 

"» ^ • • • P Omega, . . . co,nr . , o long. 

These Greek letters were assigned to the stars by Bayer 
in the beginning of the seventeenth century. They do not 
conform in all instances with the recent classification of the 
stars in the order of, brightness by S^r John Herschel. This 
circumstance shows that a change has taken place in the 
relative brightness of the stars since Bayer's time. To avoid 
confusion, Bayer's Greek letters are still used. 



SEC. 4. 

MAOiriTUDES OF THE STARS. 

The stars are alsd divided into diflferent orders 
or classes, called Magnitudes, according to their 
relative brilliancy : the brightest stars being said 
to be of the first magnitude; those a little less 
brilliant, of the 56Con(/ ; and thus the distinction 
. is continued to the sixth magnitude, which includes 
I the smallest stars generally visible to the naked 
eye. The classification is still extended to the 
telescopic stars, commencing with those of the 
seventh magnitude, which are readily seen in a 
good opera glass, and embracing the smallest stars 
visible in the most powerful telescopes formerly 
used. 
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Sir John Herschel uses 14 classes of telescopic stars, his 
smallest being of the 30th magnitude. Struve divides them 
into 6 classes, his smallest being of the 12th magnitude, the 
same as the 20th of Herschel. Struve follows the analogy 
of the first 6 dasses : his 7th class appears in the fourteen 
feet Fraunhofer Telescope, at Dorpat in Russia, as bright as 
a star of the first magnitude to the naked eye. His ISth 
or Herschel's 20th magnitude appears, in such an instru- 
ment, as faint as a star of the 6th magnitude to the naked 
eye. Struve's magnitudes are used in this book. They 
may be adapted to Herschel's scale by means of the follow- 
ing table : 



Struve*8 Claages. 


Correspondine Glasses 
of Hersdiel. 


1st to 6th 


1st to 6th 


" 7th 


7th and 8th 


« 8th 


9th and 10th 


" 9th 


11th and 12th 


" 10th 


13th and 14th 


" 11th 


15th, 16th and 17th 


" 12th 


18th, 19th and 20th 



.^ 



SEC. 6. 



A MORE PARTICULAR DESCRIPTION OF THE STARRY 

HEAVENS. 

If we examine the heavens on a clear evenings 
we find the celestial vault crowded with a vast 
number of stars of various degrees of brilliancy. 
Some are so bright that the eye cannot gaze on 
them steadily. The effect of this dazzling light on 
the nerves of the eye is such as to cause an appa- 
rently tremulous motion of the stars themselves. 
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and they are said to tunnkle. This serves to dis- 
tinguish these bright stars from another class of 
bodies, of which only one or two are usually visi- 
ble at the same time in the heavens. These, 
though nearly or quite as large as the brightest 
stars, have a softer light, which we are enabled 
to gaze on steadily, and which therefore are said 
not to twinkle. These latter are also found to wan- 
der about among the other stars, and are therefore 
CB\led planets, or wanderers, from a Greek word of 
that signification. The twinkling stars, on the 
contrary, compose groups that always maintain 
nearly the same relative position towards each 
other, and are hence culled Jioced stars. The fixed 
stars are divided into six classes, according to 
their degrees of brilliancy. The sixth class con- 
tains the smallest stars which on a clear night 
can be seen with a good eye without the assist- 
ance of a spy-glas$ or telescope. The number of 
these fixed stars seems at a casual glance to be 
countless, and they are said in common language 
to be ** as numerous as the leaves on the trees, or 
the sands on the sea-shore." The attempt of an 
ancient astronomer to count the fixed stars, and 
thu9 to assign a limit to their number, was sup- 
posed to savour of impiety. A more attentive 
examination of any single group dispels this popu- 
lar illusion, and its numbers are found to be rea- 
dily ascertained. In this way, by counting the 
stars in the several groups that may be seen 
above and around us at once, we find that their 
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actual number is less than 2000. Since we see 
less than half of the stars in the concave surface 
of the heavens at once, we might suppose that the 
number of stars in these six classes is not much 
above 4000. In fact, these six classes comprise in 
all only about 3800 stars in the northern, and 
fewer in the southern hemisphere^ so that they 
may all be counted in a few hours. The illusion 
produced by a hasty glance is easily explained. 
Each bright star leaves an impression on the eye 
for some moknents, and thus by looking around 
the number of impressions is indefinitely increased. 
Not only have all the stars visible to the naked 
eye been counted and classified, but the peculiar 
characteristics of each have been examined with 
the most powerful telescopes, and recorded whh 
as much care and attention as those of the princi- 
pal cities of the earth in our geographies. Ura- 
nography, or a description of the various bodies 
in the starry heavens, has now become a part of a 
polite education, as much as geography or a de- 
scription of the places on the earth is of a useful 
one. In both, the aids to a course of study are 
the same. A uranography and celestial atlas or 
map of the heavens are required for obtaining a 
knowledge of the stars. A geography and adas 
or map of the earth are necessary to obtain a 
knowledge of the globe which we inhabit. 

Besides the six or seven thousand stars of the 
first six magnitudes, a really countless number 
has been revealed to us by the telescope. If wa 



take for the seventh class of stars those Mrhich io 
the largest telescopes appear as bright as stars of 
the first magnitude to the naked eye, aqd continue 
with the telescopic stars tl^ analogy with the 
first srx classes, we shall have for the 12th class 
the smallest stars visible in any telescope, or those 
which in the largest telescopes appear as bright 
as stars of the sixth magnitude to the oaked eye* 

By comparison of the brilliancy of the different 
classes or magnitudes of stars, it is found that if 
sixty-two of the smallest stars visible to the naked 
eye (class sixth) were grouped together so closely 
as to seem like one star, the brightness of the 
group would be equal to that of a star of the first 
magnitude; and 100,000 of those of the 12th mag- 
nitude would be required to produce the same 
degree of brilliancy when simitarly groupecL 

If all the stars were of the same size and bril- 
liancy, those of the sixth magnitude should be 
about eight times, and those of the twelfth mag- 
nitude about 300 times as remote from us as the 
stars of the first magnitude. If the stars, besides 
being uniform in size and brilliancy, were also 
distributed at uniform distances in space, we 
might form some conclusion respecting their 
number in each of the twelve classes. Now,, 
according to Bode's Uranographia, the stars of 
Ihe Srst four classes are thus proportionally dis- 
tributed : 

18 of the 1st class, or mag^tude. 
53 " 2d " *^ 

B* 
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177 of the 3d class, or magnitude. 
376 " 4th « " 

If we suppose that Harding's Atlas of the Stars contains 
about three-fourths of the whole surface of the heavens, we 
shall have for the next t^o classes the following numbers. 

1000 of the 5th class, or magnitude. 
4000 " 6th " " 

According to this law of increase, we might expect to find 
among the telescopic stars 

36,000 of the 7th magnitude. 

170,000 " Sth " 

1,100,000 " 9th " 

7,000,000 • " 10th " 

46,000,00() " 11th " 

300,000,000 " 12th " 

If actual observation should confirm this estimate, we 
should be led to believe that something like a uniformity or 
avetage value prevails in the real size and brilliancy of the 
stars, and in their real distance from each other. Now -the 
recent examination of the stars in the northern hemisphere by 
Strove with the Pulkovah refractor, shows that there are 
12,800 stars of the 7th magnitude in the northern hemisphere, 
which is about half the above estimate for both hemispheres. 
Again, from the same astronomer's observations at Dorpat, 
it appeats that there are not less than 120,000 stars of the 
first eight classes between the north pole and the fifteenth 
parallel of south declination. This would leave for the 8th 
class in the whole sphere a number conforming pretty well 
with the above estimate. It seems natural then to suppose 
that such a law prevails. From this examination we may 
conclude that a telescope still more powerful than the Dorpat 
refractor, perhaps the twenty-three feet refractor at Pnlkovah, 
which might reveal to us another or thirteenth class of 8tar8» 
would exhibit some two billions more. 

In this manner we may stretch the imagination 
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beyond all bounds, and confirm the remark of the 
ancient sage, though on very difTerent grounds, 
that the number of stars in the heavens, as well 
as the distance of the remotest, is really without 
limit. 

Not only do we notice in the heavens this dis- 
tribution of the stars into the classes already enu«- 
m^rated, but we are also struck with their ten* 
dency to present themselves in groups. These 
particular groups or constellations have in all 
ages, and among all nations, received certain 
popular names from a fancied resemblance to 
natural objects. - 

This tendency of the stars to the formation of 
groups in the heavens, is too remarkable to be the 
result of accidental distribution in space; but it is 
impossible for us to perceive the immediate cause 
of such a distribution. 



SEC. 6. 

OF THE DOUBLB AND MULTIPLE STARS. 

The same tendency to the formation of groups 
of ^tars, which is noticed in a casual glance at the 
heavens, is more remarkably displayed on a close 
examination with the aid of the telescope. Pairs 
and multiples of stars. so close to each other as 
only to be seen separately in the most powerful 
telescopes, are found in great numbers. These 
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pairs and groupB have been noticed since the first 
invention of the telescope. But it is only recently 
that they have received from astronomers that 
care and attention which their importance de- 
mands. 

In 1767, Mr. John Mitchel expressed a belief that these 
-double stars have some peculiar physical connexion with each 
other, and invited astronomers to watch them, and ascertain 
whether the one is not a satellite revolving round the other. 
It does not appear that much notice was taken of this theory. 
In 1780, the elder Herschel commenced the observation of 
these double stars, in order to determine their parallax and 
distance from the sun, by the yearly changes in their distance 
and bearing from each other. He soon foand that these 
changes could not be accounted for by the change of place 
of the observer on the earth, in her annual motion round the 
sun. He then attempted to explain them by supposing a 
motion of our sun and system of planets in space. This 
brilliant discovery of the motion of our system in space, by 
Herschel, has since been confirmed by the investigations of 
Argelander, and placed beyond a doubt; but it did not ex- 
plain the motions of the doable stars with respect to each 
other. In 1785, Sir William Herschel first suspected tlie 
true cause of these changes to be a revolution of one of the 
stars round the other, like that of a planet round the sun, con- 
formably to the suggestion of Mitchel. In 1809, he first 
published this discovery to the world with the proofs on 
which it rested. Since that period much labour Has been 
bestowed on this subject, by the elder and younger HerscheU 
Struve, South, Bessel, Mcdler, and others. The most ex- 
tensive work on double stars was published by Struve, in 
1827, giving a perfect catalogue of 3112 double and multiple 
stars, observed by himself. In 1837, he published another 
work, containing a minute description of each of the pairs 
of stara in his first work. M. Savary first pitblished a me- 
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ihod of computing the orbits of the doable stars ; but to Sir 
J<^ii F. W. Herschel belongs the honour of first inventing a 
peculiar method — ^partly graphic or tentative, and partly ana- 
lytical — of computing these orbits. He applied it success- 
fully to several pairs. Encke has since published an analytic 
method for effecting the same. JBncke's method, in the 
hands of Maedler, has been successful in perfecting the first 
sketches of these orbits by the younger Herschel. 

The Appendix -will contain Miedler's recent catalogue of 
all the known orbits of these double stars. They will occa- 
sionally be repeated in describing the constellations where 
diey occur. 

The number of pairs and multiples of stars 
within S2" of each other, and having one member 
of the system as great as the 8th magnitude, is 
about 4,000, or about one in every forty of the 
stars of the 8th magnitude and upwards. This 
proportion is far greater than would follow from 
a uniform distribution of stars in the celestial 
spaces, as mentioned in the last section, and leads 
us at once, to conclude that this great prevalence 
of double and multiple stars must be owing to 
some physical connexion between the individuals 
composing theni. Such stars are said to be phy- 
ncally double or multiple. They are also called 
binary y ternary, &c. In the nature of things 
there must be another class of double and mul- 
tiple stars, of which one is placed nearly behind 
the pther; but perhaps as far beyond it as the 
other is distant from the sun. Such stars — whose 
apparent nearness is the result of th^ir accidental 
position' in space, as seen nearly in a line with 
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each other from the earth, and has no relation to 
real proximity or systematic association — are said 
to be optically double or multiple. 

In describing the Hnary stars, they are said to revolve 
around each other. In reality each revolves around the com- 
mon centre of gravity of the two bodies. When more than 
two stars form a multiple system, they revolve around the 
common centre of the system. It has not b^en possible as 
yet to determine the comparative masses of the individuals 
composing any of the double or multiple stars : Hence the 
position of the centres of gravity of the multiple systems is 
unknown, and consequently the period of each star round 
that centre is also unknown. But it is customary to say that 
two stars revolve round each other, or the less round the 
greater, whenever the line joining the two stars is found to 
make a complete revolution, returning to its first position after 
every circuit of 360°. 

It has been stated that the pairs or multiples of 
stars in which a change of position or distance 
takes place, are physically double, or multiple. 
They are said to be thus physically connected, 
from their being acted on by some con)mon force 
which causes their motions. This force, in seve- 
ral pairs of double stars, has been shown to be 
that of universal or Newtonian gravity. But 
there is a great difference between these physically 
double or multiple stars and our own solar sys* 
tem ; for we have only one sun with a few planets 
and satellites, while the aplebdid stellar systems 
are composed of two or more suns revolving about 
a common centre. In some of the stars that are 
physically double, the Newtonian law of gra- 
vity has not yet been shown to prevail ; but 
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from the feet that it extends throughout our solar 
system^ and to many of the binary and multiple 
stellar systems, analogy leads us to extend it to all. 
The most remarkable double and multiple stars 
(whether physical or optical) are pointed out in 
the description of each constellation. 

If we suppose an average to prevail in the distribution of 
the stars, with respect to numbers, size, brilliancy, and dis- 
tances apart, there should be in the whole heavens about 
200,000 stars of the first eight magnitudes ; and of these we 
should have, by this law, only one pair of optically double 
stars situated within 4"„ three pairs from 4^" to 8^ apart, four- 
teen pairs from 8" to 16", and fifty-four'^pairs from 16" to 32^ 
apart. Now it is found from actual observation that there 
are, in the region of the heavens north of the fifteenth parallel 
of south declination, the following numbers of pairs of stars 
each of the first eight magnitudes. 

62 stars distant from 0" to 
116 



133 

130 
106 
106 



4« U 



0" 


to 


1" 


1" 


to 


2" 


2" 


to 


4" 


4" 


to 


8" 


8" 


to 


16" 


16" 


to 32' 



Whereas, by average, there should be only about 43 
optically double stars within this region. The remaining 
605 may be supposed to have some physical connexion 
with each other. The indications of this connexion are a 
change of the bearing or distance of the stars from year 
to year, or something peculiar to the pair in their proper mo- 
tions among the stars. The period through which observa- 
tions have been made is too short to afford a classification 
of all the pairs of double stars in this respect. Struve has, 
however, ascertained that 90 of these stellar systems give 
indications of a periodical change of bearing and distance. 
DoabtlesS many of the remaining 563 double stars within 
3* 
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3d" of eaoh other, supposed to be binary, will, in the coiitse 
of long-continued observations, exhibit proofs of some phy- 
sical connexion. 

Of the triple and multiple stars, nearly all are supposed to 
compose physical systems, since in a distribution of 200,000 
stars at random on the surface of the sphere, only one triple 
or multiple star should be expected to occor i^ithin a circle 
of 32'' diameter ; whereas 68 triple or multiple stars within 
that limit have been already discovered. The Appendix will 
contain a list of the principal stars known from their relative 
motions to be physically double or multiple, and also a simi- 
lar list of those which are presumed to be such from their 
having tlie same proper motion among the other stars. Maed- 
ler, in 1843, estimated the number of known binary and 
ternary stars to be about 250. 



SEC. 7. 

C O M B T S 



The Comets will be described hereafter. They 
are sometimes seen in the starry heavens; but 
their motions are so extremely irregular as to ex- 
clude them from notice in a general description 
of the heavens. 



SEC. 8. 

VARI ABL E STARS. 

There are several stars which, though not 
distinguishable from others by any change of 
place, or by any difference of appearance when 
viewed with a telescope, yet undergo a regular 
periodical increase and diminution of brilliancy. 
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These are called variable stars. The following 
table contains the most remarkable stars of this 
kind which have yet been observed, with their 
right ascensions and declinations for 1800, their 
periods, or the number of days elapsing between 
two successive returns to the greatest or least 
brilliancy, and their apparent magnitudes at the 
times of their greatest and least brightness. The 
apparent magnitude indicates that the star is 
invisible at the time of greatest obscurity. 



Starts Name. 


Right Aflcen- 
9ion. 


■ 

Declination. 


Period. 


Magnitudes. 


Oreaiest. 


iMVA. 


oCeti 


32° 


19' 


3° 53'S. 


331.96 days. 


2 





/3 Pereei . . . 


43 


48 


40 


UN. 


2.8673 




2 


4 


Leonis . . . 


144 


12 


12 


21 N. 


311.4 




5 


10 


Virginis . . 


187 


5 


8 


5N. 


145.46 




6 





Hydrae . . . 


199 


42 


22 


15 S. 


494. 




3 





Serpentis, 


218 


4 


15 


3N. 


353. 




8 





Coronae . , 


235 


5 


28 


47 N. 


335. 




6 





Serpentis. 


235 


22 


15 


45N. 


340. 




5 





aHercalis.. 


256 


23 


13 


37N. 


60.5 




3 


4 


Scuti Sob. 


379 


12 


4 


64 S. 


60.6 




5 


7 


^ Lyrae .... 


280 


41 


33 


9N. 


6.44 




3 


6 


s^Antinoi .. 


295 


34 





30 N. 


7.17 


^^ 


4 


5 


Gygni . . . 


294 


43 


32 


25 N. 


407.6 




4 





SCephei.. . 


335 


26 


57 


24 N. 


5.36 




3 


4 


Aquarii . . 


353 


32 


16 


23 S. 


382.5 




6 


' 



The first of these o Ceti, or Mira, undergoes the 
greatest change of light, of all the variable stars 
yet discovered, since it varies from the second 
magnitude to invisibility. This remarkable phe- 
nomenon was first noticed by David Fabricius, in 
1696. From a discussion of all the observations 
made upon the light of this star, Professor Wurm 
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has determined the above period of 331.06 days, 
and given a table for its variations of light. Ac- 
cording to Bianchi of Modena, it attained its great- 
est brilliancy about the 1st of October, 1839. This 
event occurs about a month earlier each succeed- 
ing year. In 1844 it should be most brilliant early 
in May. And its increase of light is much more 
rapid than its decrease. It increases from the sixth 
magnitude to the second in 40 days, and continues 
of this degree of brilliancy 26 days, after ^vhich it 
diminishes to the sixth magnitude again in 66 days ; 
hence it is during 132 days greater and during 200 
days smaller than a star of the sixth magnitude. 

The star (3 Persei, or Algol, in the Head of Me- 
dusa, is of the second magnitude when at its 
greatest brilliancy, or equal to a Persei above it. 
Its vicissitudes of light are of a kind peculiar to 
itself. It continues visible as a star of the second 
magnitude for the space of 61 hours, then its light 
begins suddenly to diminish, and in 4 hours it be- 
comes of the fourth magnitude, or about equal in 
brilliancy to the neighbouring star p. It remains 
at this magnitude 18 minutes without any sensible 
change, and then in the succeeding 4h. 40m. 
increases to the second magnitude again, in which 
state it remains 61 hours. Another peculiarity 
of this star is, that through all its changes it shines 
with a white light, while the colour of all the 
other variable stars is red. 

With the above period of 2.8673 days, and the 
epoch of its least light, 1800, January Od. 17h. 
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54m. 5O.6S.9 Mean Paris Time, the times of its 
greatest and least brilliancy can be easily com- 
puted for any year. The variation of light expe- 
rienced by this star was discovered by Goodricke, 
in 1783. 

The variable star in the Lion was first observed 
by Koch, in 1780. The increase of its light occu- 
pies 85, and the diminution 140 days. 

The star in the Virgin was first observed to be 
variable by Harding. Wurm determined its pe- 
riod to be 145.46 days, and the epoch of its great- 
est brilliancy 1820, 11th February, at 18 hours 
Mean Paris Time. In this instance also, the 
increase of light is more rapid than the diminu- 
tion. 

The variation in the light of the star in the 
Hydra was first detected by Montanari, in 1672. 

The two stars in the Serpent were discovered 
by Harding, in 1828, as variable stars. 

The star in the Crown, discovered by Pigott, 
in 1782, presents a wonderful' anomaly in the 
variation of its light. It sometimes remains for 
several years without any apparent change, and 
then again manifestly varies according to the 
period and magnitudes given in the above table. 

The double star a Herculis, or Ras AlgethU was 
found to be variable by the elder Herschel, in 
1795. The increase of its light occupies 22, and 
the diminution 39 days. 

The star in Sobieski's Shield and tj Antinoi, 
were discovered as variable by Pigott, in 1784 
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and 1795 ; /8 Lyrse and S Cephei, by Goodricke, in 
1784; the star in. the Swan, by Kirch, in 1686 . 
and that in Aquarius, by Harding, in 1811. There 
are, doubtless, many more such stars in the hea- 
vens yet undiscovered. Indeed our knowledge 
of the periods and epochs of many of those in the 
above list is quite imperfect. 

From all the observations hitherto made upon 
changeable stars, it appears that their light is red 
or of a copper colour ; that its increase and dimi- 
nution take place with unequal rapidity ; that 
their phase of least light lasts much longer than 
that of their greatest light ; and that their periods 
and the brilliancy of the different phases are sub- 
ject to anomalies and perturbations, of the cause 
of which we are as yet ignorant. The star Algol 
forms a remarkable exception to these rules, other- 
wise general. 

Various causes have been assigned for this re-- 
markable variation of light. Some have supposed 
that these variable stars, like our sun, have a rota- 
tion on their axis, and that one side of them is 
either wholly dark or 'partly covered with dark 
spots, like those seen on the disc of the sun. 
Others, that these stars are lens-shaped, and that 
their light diminishes or completely vanishes when 
they are turned edgewise towards us. These va- 
riations have also been attributed to atmospheric 
changes, peculiar to these stars. Opaque satel- 
lites intervening might also diminish their light. 
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NEW AND LOST STARS. 

Pliny mentioDSy in bis Natural History, that a 
new star appeared in the heavens about 125 years 
R C. This circumstance induced Hipparchu9 to 
make a catalogue of the principal stars, in order 
to enable astronomers to detect similar occur- 
rences in future. In A. D. 389, in the time of Cae- 
sar Honorius, there appeared in the constellatioa 
of the Eagl^, according to Suspinianus, a star as 
bright as Venus, which remained about three 
weeks and then vanished. In the ninth century, 
two Arabian astronomers saw a new star in the 
Scorpion, as bright as the moon at her quarters. 
It disappeared after about four months. In the 
reign of the Emperor Otho, 945 A. D., the chro- 
nicles mention such a new star, between Cepheus 
and Cassiopeia. A similar star was discovered 
in the same place, in 1572, by Tycho Brahe. It 
continued without motion or change of brightness 
for near two years, and then suddenly began to 
wane, and finally disappeared. When first disco- 
vered, it was white, two months afterwards ^e/- 
low, and finally it became as red as Mars or Aide- 
baran. Before disappearance, its light became 
pale, like that of Saturn. Some have supposed 
the stars of 045, 1264, and 1572, to be the same 
variable star. 

In 1604, a star appeared in the Serpent Bearer, 
Tiearly as bright as that of 1572. Kepler wrote a 
work on the subject of this star. It disappeared 
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in 1606. In 1670, Anthelm discovered a star of 
the third magnitude in the Swan. At the end of 
two months, it decreased to the fifth magnitude, 
and shortly afterwards vanished. Dominic Cas- 
sin! observed this star with great care. 

Many stars mentioned in the old catalogues 
cannot now be found. Some have doubtless dis^ 
appeared, and some were probably inserted erro- 
neously in these catalogues. The cause of the 
disappearance of these stars, is matter of mere 
conjecture. Newton supposed that they were 
planets suddenly ignited by coming in contact 
with their suns. 



SEC. 9. 

NEBULA AND CLUSTERS OF STARS. 

The tendency to the formation of groups or 
clusters of stars in the heavens, has already been 
noticed : as examples we may mention the Pleiades 
or seven stars, Berenice's Hair, the Manger in 
the Crab, and the Sword of Perseus. These are 
the most striking groups as seen by the naked eye* 
The Milky-Way abounds throughout in white 
nebulous matter, from which it takes its name. 
This portion, which is white and cloudy to the 
naked eye, is in reality composed of a multitude 
of small stars, whose single light is. too feeble to 
make a sensible impression, but when combined 
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in great numbersy they produce the appearance 
of a thin white cloud. 

This illusion is removed by a small telescope, 
\ivhich brings to view the individuals composing 
this immense group, and proves that it consists of 
myriads of stars. We may form some idea of 
their number, when we are told by Sir William 
Herschel that 50,000 of them passed through .the 
field of his great telescope in the course of an 
hour, in a zone only 2^ broad. It was a brilliant 
idea of Herschel, that our sun and its system is 
situated within an immense nebula or cluster of 
stars, perhaps somewhat hollow, of an oval or 
lenticular shape. Succeeding astronomers have 
found, that the stars are most widely scattered in 
the portions of the heavens most distant from the 
Milky- Way, and that the condensation or thick- 
ening of the stars increases in approaching this 
regicHi. 

The regular shape of this wonderful zone of 
countless stars, shows that there is an isolated sys- 
tem of suns in the heavens, of which our own sun 
forms a component part. It is probably of the 
form of a lens, having our sun not far from the 
, plane passing through the centre. In this plane, 
however, our system is placed at some distance 
from the central part, in a direction towards the 
portion of the milky-way near the constellations 
of Sirius and Orion. No one who glances at this 
portion of the heavens in the winter evenings, 
even without the aid of instruments, can for a 
4 
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moment doubt of the truth of this remark. Per- 
haps the milky-way belongs lotfae class of hollow 
nebulse» like the annular nebula in Lyra. If our 
system were not situated in the plane passing 
nearly through the centre of the milky-way, we 
should no longer see it as a great zone, but only' 
as a smaller portion of the heavens. 

If the sun was placed in the direction of its 
shortest axis» and at a distance as great as its 
longest axis, or diameter of its disc^ we should aee 
it as a great white cloud of 60° breadth^ or of the 
size of the Great Bear. At ten diameters' dis- 
tance it would cover only 6^, and at two hundred 
such diameters' distance it would be no larger 
than some of the nebulse of the first class in the 
heavens, for instance, the nebula in Andromeda 
or Orion. 

The nebulous rqgiqn of the heavens embraces 
a zone as broad as the milky-way, and perpendi-. 
cuJar to it, passing through the equiiloxes. The 
most nebulous portion of this zope is its intersec-: 
tion with the constellations of the Virgin and Be-. 
renice's Locks. See Plate XVII. Fig. 19th, Here 
the nebulae follow each other in rapid succesaioa*. 
by the diurnal motion of the heavens, while in 
some parts of the heavens hours elapse after one 
of them has passed through the field of the tele- 
scope before another enters. 

In examining the heavens with ordinary tele- 
scopes, many small milky-ways or nebulous por- 
tions are seen, which, with more powerful instru- 
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roentsy lire resolved into multitudes of stars closely 
ciostered together, seeming like a globular space, 
insulated in the heavens and constituting a sys- 
tem by itself, subject only to its own internal laws. 
Many ^f these resolvable nebulce have ten thousand 
stars in a surface one-tenth as large as that which 
is covered by the moon, so that its centre where 
the stars are seen projected on each other is one 
blaze of light. 

If all these stars are suns, separated by inter- 
vals as great as that of our sun from the nearest 
fixed star, the distance, which renders the whole 
cluster barely visible to the naked eye, must be 
SO' great that light would occupy at least a thou- 
sand years in coming to us from this splendid 
assemblage. Occasionally, clusters are so irre^- 
lar in their outline, as merely to suggest the idea 
of a rich portion of the heavens. These contain 
fewer stars than the globular clusters, and fre- 
quently include one much more conspicuous add 
cleariy defined than the rest. Sir William Her- 
schel regarded them as the rudiments of gtoMar 
dustbrs, in a less advanced state of condehfl^iAt^ 
but tending to that form by their mutual attrac- 
tion: ** 

Multitudes of nebulous spots are seen scattered 
throughout the heavens, having every appearance 
of clusters like those described above, but too 
distant to be resolved into stars bv the best tele- 
seopes that have yet been made. Notwithstand- 
irtg this circumstance, from their general resein- 

c 
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blance to the globular clusters, when seen through 
telescopes of moderate power, they are referred to 
the class of resolvable nebulce. 

Numbers of these nebulous spots give no indi-^ 
cation of a stellar nature, but appear to be matter 
in the highest possible degree of rarefaction. 
These are denominated irresolvable nebulcB. They 
are in every state of condensation, from a vague 
film scarcely to be discerned with the most pow- 
erful telescopes, to such as seem to have actually 
arrived at a solid nucleus. The nebulse of this 
class are of every variety of form and appearance. 
The most remarkable are those represented in 
figs. 59&51, plate XVIII., surrounding the star d in 
the constellation of Orion, and ^ in the southern 
constellation Robur Caroli. The nebulous cha- 
racter of these objects, especially of the former, 
is very difierent from what might be supposed to 
arise from the diffused light of an immense collec- 
tion of small stars. They resemble light flocky 
masses, like wisps of cloud ; and such wisps seem 
to adhere to many small stars at their outskirts : 
one of them, of a curious form, is represented in 
the figure. These and all the other figures of 
nebulse, are copied from original drawings by Sir 
John Herschel. Some are of an annular form, 
but they are very rare. The mo^t conspicuous 
of these objects is to be found midway between 
^and yLyree, and may be seen with telescopes 
of moderate power. It is elliptical in the ratio 
of 4 to 5, and is sharply defined. The internal 
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opening, occupying about half its diameter, is not 
entirely dark, but filled with a faint, hazy light. 
Sir John Herschel compares it to fine gauze 
stretched over a hoop. 

Planetary nebulce form another class of very 
extraordinary objects. They have the appear- 
ance of planets; round or slightly oval discs, in 
some instances quite sharply terminated, in others 
hazy and ill defined, and with a light exactly 
equable or a little mottled, occasionally rivaling 
that of the planets in vividness. These nebula) 
are of enormous dimensions. The apparent diam- 
eters of some of them are from 12" to 20"; and 
supposing them to be at the distance of the fixed 
stars, their real magnitudes must, at the lowest 
estimation, be such as to fill the orbit of Uranus, 
which is between three and four billions of miles 
in diameter. 

Stellar nebuhe form a fourth class. These have 
a round or oval shape, increasing in density to- 
wards the centre. In some the condensation is 
slight and very gradual ; in others so sudden, as to 
give to the whole the appearance of a star with a 
burr around it, or a candle shining through horn. 
In others the central matter is so highly and sud- 
denly condensed, and so vivid, as to offer the ap- 
pearance of sharp and brilliant stars, surrounded 
by thin atmospheres. These are called nebulous 
siars. There is a very fine example of this class 
in the constellation Andromeda, in R« A. 25^ 45', 
Dec. 39^ 53' : a and i Orionis are also nebulous, 
4* 
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but the nebulae can only be seen with very pow- 
erful telescopes. 

The zodiacal light \^ a thin, lens-shaped atmo- 
sphere, surrounding the sun and extending beyond 
the orbits of Mercury and Venus, which may be 
seen soon after sunset in the months of April and 
May, or at the opposite seasons before sunrise, as 
a cone of light extending obliquely upwards nearly 
in the direction of the ecliptic. This phenomenon 
seems to indicate some slight degree of nebulosity 
about our sun, and even to place it on the list of 
nebulous stars. The stellar nebulae and nebul($us 
stars assume all degrees of ellipticity. Some are 
only slightly elliptical ; others much extended in 
length; and some are long and narrow, like a 
spindle-shaped ray, tapering away at both ends, 
with a bright nucleus in the centre. One of the 
most remarkable specimens of this kind is in R. 
A. 187° 0', Dec. 26° 56'. 

In plates XYII. and XYIII. will be found repre- 
sentations of the most interesting nebuke of ail 
classes. A full description of each is given in 
sec. 15. 

The distribution of the nebulae over the hea- 
vens is even more irregular than that of the stars. 
They are most abundant in a zone whose general 
direction is not far from the hour-circle of Oh. and 
12h. Where that zone crosses the constellatioos 
Virgo, Coma Berenices, and the Great Bear, they 
are assembled in great numbers ; but they are fiur 
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the most part beyond the reach of any but the most 

powerful telescopes. 

In some instances double or multiple nebulec 
are found presenting a close analogy with the 
binary and multiple stars. It is highly probable 
that such systems of nebulae are bound together 
by some law of attraction, like that which con- 
nects the physically double stars. As yet no 
such law has been detected ; the study is still in 
its infancy, and the double nebuloB do not admit 
of precise measures like the double stars. 

The number of nebulss at present known, is 
about 3000. These have all been described by 
the younger Herschel. Of these, near 2000 were 
discovered and described by Sir William Her- 
schel. From comparison of the early , and recent 
drawings of the great nebula in Orion, there is 
reason to suppose that a change is going on in its 
appearance, and perhaps in its physical condition: 
Mrs. Somerville remarks, that '^ the nature and 
use of this nebulous matter, scattered over the 
heavens in such a variety of forms, is involved in 
the greatest obscurity. That it is a self-luminous, 
phosphorescent, material substance, in a highly 
dilated or gaseous state, but gradually subsiding 
by the mutual gravitation of its particles into 
stars and sidereal systems, is the hypothesis most 
generally received. And indeed this is the hypo- 
thesis of La Place with regard to the origin of the 
solar system, which he conceived to be formed by 
the successive condensations of a nebula, whose 
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primeval rotation is still maintained in the rota- 
tion and revolution of the sun and all the bodies 
of the solar system in the same direction. Even 
at this day there is presumptive evidence in the 
structure and internal heat of the earth, of its 
having been at one period in a gaseous state from 
intensely high temperature. But the only way 
that any real knowledge on this mysterious sub- 
ject can be obtained, is by the determination of 
the form, place, and present state of each indi- 
vidual nebula ; and a comparison of these with 
future observations will show generations to come 
the changes that may now be going on in these 
supposed rudiments of future systems." 

Having now completed the outline of the vari- 
ous classes of bodies which stud the brilliant vault 
enclosing our own humble solar system, the reader 
will find in the explanation of the maps and the 
ciescriptions of the several constellations presented 
in the succeeding sections, an available guide in 
the study of the starry heavens. Let him look 
out upon the deep, clear, blue, mysterious Night, 
and with this guide converse with Nature in her 
unfathomable depths. Here he may wander 
among blazing suns, wheeling in awful majesty, 
self-poised, around a common centre in the void 
of space. There, among multitudes of nascent 
orbs of vapour, silent and seemingly motionless, 
but gradually preparing, as it well may be, for 
future usefulness and beauty. Again, where the 
huge planetary nebula spreads out its giant masses 
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Qver an extent of space deemed almost infinite by 
the uneducated, yet reduced by distance to a 
glimmering speck. Let him become familiar with 
these almost unimaginable wonders. Then, re- 
turning in thought to this little ball — invisible 
from the nearest star — on which so many millions 
perpetually contend hr potver jknd greatnestf let 
him ask for whom, for what, or why was made 
this universe of brightness I If h^ be not rendered 
wiser, better, humbler by the "enquiry, far him 
these glories have been made in vain. 



SEC. 10. 

DESCRIPTIOir or THE MAPS. 

Thb first two maps represent the Northern and 
Southern Hemispheres. In these the graduatea 
circle represents the equator; the centres, thS 
poles ; the meridians or declination circles would 
be diameters of this circle ; and the parallels of 
declination, circles concentric with it. The equa- 
tor is divided into degrees, which are numbered 
from the vernal equinox eastward round the cir- 
cle. The meridian passing through 360° and 180° 
is the equinoctial colure ; the lower half of this 
diameter is divided into nine equal parts, these 
divisions corresponding to the even tens of the 
degrees of declination ; they are numbered accord- 
ingly from the equator toward the poles. The 
right ascensions and declinations of the stars may 
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be very readily found upon these maps by means 
of a scale and dividers. The R. A. is indicated 
by |he point where the radius drawn through the 
star i^uts the equator. The Dec. may be deter- 
mined by measuring the distance on this radios 
from the star to the equator, considering the 
radius equal to 90^. 

The next five maps represent sections of the 
northern hemisphere upon the same plan as the 
first, but on a much larger scale. In these the 
parallels and declination circles for every tenth 
degree are drawn. The parallels are numbered 
on two of the meridians, and the meridians around 
the borders of the maps. As the right ascension 
is often expressed in time, each hour being equal 
to fifteen degrees, the corresponding hour is indi- 
cated by the Roman numeral placed without the 
border at each fifteenth degree. 
* The eighth and ninth maps represent portions 
of the equatorial regions upon a different plan 
from the preceding, the equator and parallels 
being straight lines, and the meridians also straight 
lines crossing them at right angles. The meridi- 
ans are numbered at the top and bottom, and the 
parallels at the sides. 

The next five represent portions of the southern 
hemisphere ; they are similar to those of the north- 
ern sections. 

The fifleenth contains the principal stars of the 
northern hemisphere, connected by lines so as to 
form a variety of geometrical figures. It is to be 



used in studying ttie posritions of the stars by the 
process o{ lining. 



SEC. 11. 

D0«ORirTiOir 0F THE eoiTST SLLATIOV S. 

I*LATE III. 
CONS TELL AT lOlTB. 

Ursa A(4nor .' • • The Little Bear* 

Cepheus .... The King. 

Draco . . . c • The Dragcn. 

HoDores Frederici « Fredericks Honomrt. 

Lacerta • • • • The Lizards 

Canes Venatici . . The Grey-Hounds^ 

Quadrans Muralis . The Mural Quadrant* 

Cygnus • • • . * The Swan. 



Ursa Mikob — The Little Bear. 

Thi« is a small constellation near the Great Bear, 
la both these the seven principal stars constitate 
« figure called by some a \ragon» and by others a 
4ipper. In the Little Bear there are five stars of 
the 4th and two of the 5th magnitude, forming 
the little wagon, having the pole star at the end 
of the pole or beam. The four principal stars in 
this constellation are : 

a, Polaris, Ruccaba, or Cynosnra. 

jS, KocHah. 

y, Pherhad, 

tJ, VUdiur. 

c* 
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The Pole Star is of the 2d megnitude, of a yel- 
low colour, and has at the distahce of 16" a small 
white star of the 9th magnitude as a companion. 
See plate XVI., Fig. 9. Among the other double 
stars are, 

rt} R. A. 234<> 50^, Dec. 81^ 1', ^e eomponents aie of the 
6th and 7th magnitudes, 30" apart, both yellowish white. 

H* R. A. 237^ 26', Dec. 80<^ 39', 7th and 8th magnitudes, both 
very white, yV' **part. 

MYTHOI.OOICAL HZSTORT OP THIS C0KSTBU.ATI0ir, 

OB 

FABLB. 

The nymph Calisto and her son Areas being 
turned into bears by Juno, Jupiter, to prevent 
their being hurt by huntsmen, transferred them 
to the heavens, in the form of the constella- 
tions Ursae Major and Minor. — ^Or, according te 
other legends, Cynosura was a nymph of Ida, in 
Crete, who nursed Jupiter, and was by him re- 
warded with a place in the heavens. Thalbs is 
reputed to have formed the constellation of Ursa 
Minor, by which the Phoenicians are said to bav« 
sailed ; and for this reason the polar star is some* 
times called Phcenice. 



CepheuS' — The King. 

Cepheus is between the Lesser Bear and the 
milky-way. It may be readily known by the 
three stars «, jS, and 7, of the third magnitude, 
which stand nearly in a right line, and by four of 
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the &arth inagnitude, S, s, I, and ^9 which make 
u covering for his bead. 

a jUdetfomm. 

P Alphirk. 

y Errai. 

is a double star. Its components are of the 3d and 8th magni- 
tudes, distant 1 3'^the greaterfreenish.white, the smaller blae. 

X .is a doable star of the 4th and 8th magnitudes, distant 7", 
the greater greenish white, the smaller blue. 

1 on the neck, is a double star of the 5th and 7th magnitudes, 
distant b'\ the greater yellowish white, the smaller ash- 
green. 

o is a double star of the 5th and 8th magnitudeB, disttot 2^ 

seconds, the greater deep yellow, the smaller deep blue. 

The star d, in the crown of Cepheus, is variable. In the 
space of two days it changes from the 3d to the 4th magnitude. 

In R. A. 357° 0', and Dec. 60° 16', north of /3 Cassio- 
peia, is a very rich cluster of stars of 4' diameter. The stars 
of this cluster are nearly all of the 9th magnitnde. 

In R. A. 1"^ 0', and Dec. 71° ZJof is a star of the 8th 
magnitude, contained in a well-defined nebular sphere, 2(/' 
in diameter. 

FABLE. 

Cepheus was an Ethiopian or Indian King, hus- 
band of Cassiopeia, and father to Andromeda. 
He was one of the Argonauts, and changed into 
a constellation after death. He is represented in 
the habit of an Eastern monarch, with a sceptre 
in one hand, and holding his robes with the other. 



Draco — The Dragon. 

This coDstellatioii winds itself, with the fore- 
part» around the Pole of the Ecliptic^ and with 
5 
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the other around the SktleB^an The Piole cMf 
the Ecliptic is in R. A. 270'', and Dec; 66'' B&. 

This constellatiorv is coHiposed, for* the most part, 
of stars of the 2d, 3d and 4th magnitudes, whose 
situation makes it easily distinguishable. The 
head consists of four stars, two of the 2d and two 
of the 3d magnitude, forming an irregular quad- 
rangle. Between the head and the tail there ar6 
three coils ; the first, containing nine small stars^ 
is about 15^ distant from the head, and at about 
the same distance from the Pole as the head ; the 
second and third coils are on opposite sides of a 
line joining the Dragon's head with the Pole Star, 
and about midway between them. These con- 
tain each a star of the 3d magnitude, and several 
smaller ones. Between the third coil and the end 
of the tail are six stars of the 3d magnitude, 
which nearly encompass the Little Bear : they are 
named ti, 6, i, a, x and y, the last being nearly in a 
line joining the Pointers in the Great Bear, a is 
remarkable as having been the Pole Star about 
4600 years ago. 

a Phuban- r Gianzar* 

p Alwaid. jx Arrakis. 

y Etamin. f GrumtUiii. 

6 Nodus IL Ik Errakii. 

^ Nodus L 4/ D^ak. 

B Aldib. <t Ahapki. 

Among the double stars are, 
$ Its eomponents are of the 4th and Ttli ^{^ttttaSM, <dift- 
tant 3^9 thp greater yellow, the smaller bl^ 
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tj of llie Sd and 8th magpitade^, difitant 9K', Teeentiy disco- 
Tere4 by Strave at the PulkoTa Obaenratory. 

^ in the tongue, both whit^ of the 5th magnitude, distant 4\ 

4r of the 4th and 5th magnitude, distant 31'^ both white. 
Their proper motion among the other stars is 27'' in a cen- 
tury. 
R. A. 248^ 3', Dec. 53^ 15', in Die end of the tongbe, near 

«, of the 5ti^ and 6th magnitod^i^ distant 4" both white. 

FABi:.E. 

Draco, the offspring of Typhon, with a hun- 
dred heads and as many voices, was the guardian 
of the golden apples which grew in the garden 
of the Hesperides. It was one of the labours of 
Hercules to obtain some of these apples, and he 
slew the Dragon in order to get at them, upon 
which Juno translated the reptile to the heavens. 
This fable is evidently founded upon the part 
acted by the serpent in the fall of our first pa- 
rents ; in consequence of which they and their 
posterity were excluded from the fruit of the tree 
of life, till One greater thah Hercules should de- 
stroy him, and restore man to the primeval state 
of innocence and happiness. 



Lacerta — The Lizard. 
This constellation was formed by Hevelius. 

Among the multiple stars are, 

R. A. 337^ 3', Dec. 38^ 44', a quadruple star; the compo- 
nents are of the 6th, 7th, 10th and 8th magnitudes; the 
two largest are remarkably white, distant 22", the 2d and 3d 
are distant 28^, and the 2d and 4th are distant 66". 
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R. A. 343« 5', Dec. 40® 41', a triple star of the 6th, ISth 
and 9th magnitudes ; the greatest very white ; the two largest 
are 63" apart, the largest and smallest 28'^ 



HoNOSES Fred£rici — The Houours of Frederick. 
Formed by Bode, in 1787, in memory of Frede- 



rick II. 



Canes Venatici — The Grey Hounds, 

Is a recent constellation formed by Hevelius. 
It contains none but small stars. 

To the two Hounds which Bootes leads with a 
cord, Hevelius gave the names of Asterion and 
Chara, the former standing towards the north, the 
latter towards the south. To the star a, of the 
3d magnitude, in the Collar of Chara, Halley has 
given the appellation of Cor Caroli, (Charles's 
Heart). 

12 Canum Yenaticonim is a double star, whose components 
are of the 3d and 6th magnitudes, both white, 2(/' 
apart. 



QuADRANS MuRAUs — TTie Mural Quadratit, 

Is a recent constellation formed by Lalande, in 
memory of the many valuable observations made 
by his nephew at the military school at Pari»» 
with a mural quadrant. 



Cyonus — The Swan> 

Five of its largest stars, a, ^, y, 5 and 5, form a 
cross, by which this constellation is readily known. 
The whole constellation lies in the milky-way, 
besides which the northern part of the Swan is 
very rich in dense clusters of stars. 

a Deneb, 
^ Albireo. 
y Sadr. 
s Ginah. 
* Azelfafage. 

In R. A. 314° 52', Dec. 37° 56', between u and 
Ty over the right wing of the Swan, stands a re- 
markable double star which is known by the name 
of "61 Cygni," according to Flamsteed's Catalogue. 
These stars are of the 5th and 6th magnitudes, 
both golden yellow, distant 16". They revolve 
round each other in 540 years. The major axis 
of their elliptic orbit is 30".8. Both stars have 
moreover a common and very great proper mo- 
tion among the other stars in their vicinity, which 
amounts in a century to 511" in right ascension, 
and 323" in declination, or about 517"^ in arc. 
This pair of stars will be for ever memorable for 
being the first whose distance from the earth was 
measured with precision. This great discovery 
was made by Bessel from his observations at Koe- 
nigsberg in the years 1837, and 1838, and 1839. 
He found their distance 592 000 times the earth's 
mean distance from the sun, and that their light 
5» 
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travels to our system in 9^ y^ars. He also con- 
cludes thai their two masses are, together, rather 
less than that of our sun. That is to say, that the 
mass of each of them is about one-third. Hence 
our sun seen from 61 Cygni, should appear as a star 
of about the 5th magnitude. Bessel was induced 
to select this pair of stars as the subject of his 
researches, from their great proper motion which 
he justly supposed to be an indication of their 
comparative nearness to our system. In making 
his researches, he compared them with two other 
small neighbouring stars of the 10th magnitude, 
which neither have sensible proper motion, aor par- 
allax ; that is to say, whose distance from our sys- 
tem is immeasurably great. Before this discovery- 
was made, Sirius or the dog-star was supposed to 
be the nearest because he is the brightest of 
the stars. This may still be the case; but it 
seems more natural to conclude from Bessel's dis- 
covery, that the brightest stars are not always 
the nearest, and that they owe perhaps their. great 
size and brilliancy to their real greatness of di- 
mensions and intensity of light. In such a case, 
the stars of the first magnitude may possibly be 
many hundred times as great as our sun. 

The attempt to discover the parallax and dis- 
tance of the fixed stars, has been the cause of 
some of the greatest discoveries in astronomy. 
Bradley's discovery of aberration and nutation 
was the result of his researches after the parallax 
of the fixed stars. No other pursuit in astronomy 



has engaged so much attention for the last two 
centuries. Bessel is exceedingly fortunate in hav- 
ing brought this long investigation to a succesaful 
issue. 

Tbe Swan oontaiiis many very remarkable doable stars. 

jl is a double star, whose components are of the 4th and 
6th mafifnttiides; distant Z4'' ; the greater yellow, the 
smaller bine. 

^ is a doable star of the 3d and 8th magnitudes ; distant 2" ; 
the greater greenish, the smaller ash-^oloured. They for- 
merly appeared as a single star ; they are now seen double 
through choice instruments. 

X isja double star, both of the Gth magnitude; distant four- 
£Abs of a second ; T9<v5i|tly discovered by Struve, with the 
great Pulkovah refractor. 

fi is a double star of the 4th and 5th magnitudes; distant 
6"; the greater white, the smaller bluish white. Both 
stars have the same proper juotion of 34" in a century 
among the other stars. 

X in the neck, is a double star of the 5th and 8th magnitudes ; 
distant 26" ; the greater deep y^low, the smaller bluish. 
In 1686, Kirch discovered that the greater is a variable 
star. In 407 days, from being of the 4th magnitude, it 
disappears entirely, and then increases to the 4th magni- 
tude. These two remarkable stars have a proper motion 
of 43'' in a century among the other stars. 

In R. A. 2S7^ 3(/, Dec. 29<^ 53', is a beautiful, very dense 
group of stars, without any precise nucleus. The whole has 
the form of a triangle, of which the greatest diameter is 3'. 
Ti^ group lies between the head of the Swan and Lyra. 

In B. A. 321° IC/, Dec. 50® SC/, in the end of the tail, is 
a veiy large, beautiful, circular group of very smalt, densely 
clustered stars, in the middle of which there is a reddish star 
of the 8th magnitude. The whole is about 8f in diameter. 
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In R. A. 334^ 3(/, Dec. 52^ 55^ northward from ike end 
of the tail, is a very remarkable oval ring of small, desasely 
clustered stars. In the middle of the ring stands a reddish 
star of the 8th magnitude. 

In R. A. 302® 15', Dec. 30° 2', midway between the stars 
b and n, is a very large planetary nebula of 15' diameter. It 
is perfectly round, uniformly illuminated, except toward the 
centre, where it is somewhat darker, so that perhaps also this 
object is a planetary ring. 

FABLE. 

Jupiter, in order to deceive Leda, assumed the 
figure of a swan, which he afterwards translated 
to the heavens. Or, according to another fancy 
of the mythologists, Orpheus, after he was mur- 
dered by the wild Bacchantes, was metamorphosed 
into a swan, and placed among the constellations. 



PLATE IV. 
CONSTELLATIONS. 

Ursa Major . . The Great Bear, 

Gustos Messium • The Guardian of the Harvest, 

Camelopardalis . The Giraffe. 

Cassiopeia . . . The Lady in her Chair. 

Leo Minor . . . Tlie Little Lion. 

Lynx .... TTie Lynx. 

Med^ ^ ^^^ i P^^^^^^ ^^^ Medusa^s Head. 
Tarandus . . . The Reindeer. 
'^Sscheliil' • HerscheVs Telescope. 
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Ubsa. Major — The Great Bear. 

The most important stars of this constellation, 
with their proper names, are : 

a Dubhe. x Kaphza. 

P Merak, X Tania Borealis. 

y Phekda. fi. Tania Australis, 

d Megrez, * Mtucida. 

8 AliUh. I AMa Australis. 

^ Mzar* V Alula Borealu. 

^ Benetnash or Alhaid g Alcor. 

I Talita. 

The first seven of these stars, owing to their 
magnitude and remarkable situation, have been 
known from great antiquity under the appellation 
of the Great Dipper ; it is also sometimes called 
Charles's Wain. Two of these, a and jS, are de- 
nominated the pointers, because a line drawn 
through them would, if produced, pass very near 
the Pole Star. These seven stars cannot fail to 
be recognized at a glance; the other principal 
stars may be found by attending to the following 
directions. A line drawn from 8 through 7, and 
produced to the extent of nearly twice their dis- 
tance from each other, will ^terminate near the star 
4^5 of the 3d magnitude, in the right hinder leg. A 
line drawn from fi through 4^, and prolonged about 
their distance, will terminate near two stars, | 
and y, of the 4th magnitude, in the left hinder foot 
The stars fA and X, of the 3d magnitude, in the 
right hinder foot, may be found by conceiving a 
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right-angled triangle to be fornjed by joining 4' 
and the two hinder feet, the line joining the two 
feet being the hypothenuse. This hypothenuse 
continued a distance equal to its length from the 
right hinder foot will terminate in the right fore- 
foot where are two stars, i and x, the one of the 
3d and the other of the 4th magnitude. In a fine 
joining i with jS, and a little more than one-third 
their distance from i, is the star & of the 3d mag- 
nitude, in the right fore leg. The Bear's head, 
which contains two stars of the 4th and five of 
the 5th magnitude, is between the fore-foot and 
tlie Pole, and on a line with ^ and a in the back. 

There are seyeral remarkable double stars in this constella- 
tion. 

f or Mizavi whose components are of the 3d and 4th magrni- 
tudes; both greenish white; distant 14". They may be 
seen double in a common spy-glass. Northerly from this 
stands the small star ^ called Alcor. 
{ or Mula Justralisj in the lower end of the left hinder foot,- 
of the 4th and 5th magnitudes ; distant 2". The period 
of their revolution round each other is 60 1 years. Their 
mean distance is 2^ seconds ; their eccentricity § of this 
distance. Their period is about 20 years shorter than that 
of Uranus. They are also remarkable for their proper mo- 
tion of 74" in a century. 
V of the 4th and 10th magnhudes; very yellow; 7^ apart. 

Of the many nebulee of tliis constellation, the most remark- 
able are the following : 

In R. A. 127® 45^, Dec. 50° 49', at the end of the fore-feet, 
is a large, bright, elliptical nebula, of 30' length and 20^ 
widthf with a light star in the middle. 

In R. A. 1450 15', Dec. 69^ 52^, on the right ear of the 



Beflr, a large, light, elliptical nebala, from whMe tseiiire ^b 
of from S' to 4' length shoot out. 

In R. A. 175° 45', Dec. 45° 4', southward from the sta^ xi 
a very beautiful, sharply defined, spherical nebttla, "irith H 
bright nucleus. The diameter of the whole is 3^. 

In R. A. 13P 45', Dec. 54<' QSf, near the star c in the fore- 
foot, a star of the llih magnitude, with a fan-Ukd nebula 
joined to it. ^ 

In R. A. 200° SCK, Dec. 48® 5', under the star ^ in the end 
of the tail, a very remarkable object and one very difficult Cd 
determine. A spherical-formed light body, suixdunded hf a 
concentric nebulous ring, which appears to be broken. 

FABLE» {See Ursa Minor). 



CiTSTos 'Messium — The Guardian of the Harvests. 

This new constellation, sometimes called the 
Shepherd^ was instituted by Lalande about the 
middle of the last century, in honour of the zeal- 
pus astronomer Messier of Paris. It lies betwe^ 
the constellations of Cassiopceia and the Reinde^, 
and contains only small stars. 

This constellation contains a remarkable gutrUuph star, 
R. A. 68° 1', Dec. 6P 52'. The two brightest components 
are of the 6th magnitude, distant 18" ; the first white, the 
second bluish white. The three others are of the 9th mag- 
nitude. Their distances are as follows :— 3d and 3d stars, 
49''; 3d and 4th stars, 5" ; of the 4th and 5th, 23". 



CAMEiioPARDALis — The Gtraffk. 

Was instituted by Hevelius in the beginni^ 
of the 17 th century, and, like the precedifajg, eon- 
tains only small stars. 



r- 
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Amoi^ them we remark a beautiful double star, in R. A* 
64° 40', Dec. 53° 30', between the hoofs of the two hinder 
feet. The two stars are of the 5th and 6th magnitudes, and 
their distance is 10"; the greater appears white, and the 
smaller bluish white. 



Cassiopeia — The Lady in her Chair. 

This constellation is on the side of the Pole Star 

bpposite to the Great Bear, and nearly at the 

same distance from it. The five principal stars 

are: 

a Schedir. 

p Chaph. 

7 

6 Rueba. 

B 

a, ^ and y form a triangle, right-angled at a •, 6 
and s are in a line parallel to the line joining a 
and y, and at the same distance apart as those 
stars. The star ^ is somewhat the brightest of 
the five ; it serves to determine the position of the 
North Pole ; for this star and the Pole star are 
placed on the same side of the true Pole, lying in 
a line with it, while the former is about a degree 
and a half more distant from it than the latter. 
The North Pole is the middle of a line joining p 
of Cassiopoeia and 6 of the Great Bear. Besides 
these there are several smaller stars, which may 
be easily recognized in the heavens, by observing 
their bearings and distances with reference to the 
five principal stars. 

Northward from the star x Tycho Brahe disco- 



vered, about the end of the year 1572, a new, 
very bright fixed star, which, surpassing even Ju- 
piter and Sirius in brilliancy, was visible in the 
daytime, but it gradually became fainter, and 
finally disappeared entirely in March 1574. 

The star fA in the left arm, has, among all single 
fixed stars, the greatest proper motion, which 
amounts during a century to 571" in Right Ascen- 
sion, and 150" in Declination. This star has, 
therefore, since the birth of Christ, advanced 
among the other stars about 2^ 51', or nearly six 
times the moon's diameter. 

Among the doable stars we remark^ 
9j the components of which aie of the 4th and 8th mag- 
nitudes ; distant 9'' ; the greater yellow, the smaller pniple. 

These two stars have the same proper motion among the 

other stars, of 119'^ in a century, 
i Triple, of the 4th, 7th and 8th magnitudes ; distant ^\ 

and 8^' ; the first is yellow, the others blue. 
4 Triple, of the 4th, 9th and 9th magnitudes; distant 32^ 

and 3'^ ; the brightest is deep yellow. 
in the right aim, of the 5th and 7th magnitudes ; distant 

S'^; the greater deep gieen, the smaller deep blue. 

R. A. 359° 17', Dec. 67° 28' ; of the 8th and 9th magni- 
tudes ; both yellow. They revolve round each other in 95 
years, at a mean distance of 1^ seconds. This stellar system 
is called 3042 Struve. 

R. A. 357^ (/, Dec. 56° 46^, in the head of Cassiopoeia, 
stands a beautiful, large, round group of stars, 15' in diame- 
ter. It is a very rich, dense cluster of stars, which are all 
of the 9th and 10th magnitudes. 

R. A. 17° 0', Dec. 57° 26', south of the star 5, is found a 
double star of the 8th and 9th magnitudes, at the distance 
of 12^. It stands in the middle of a large spherical nebula* 

6 
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Cassiopceia was the wife of Cepheus, and mo- 
ther to Andromeda. She brought upon herself 
the vengeance of the Nereides, by boasting of her 
superior beauty ; and Neptune, at the request of 
those jealous nymphs, sent a huge sea-monster to 
desolate the country. The wrath of Neptune was 
only to be appeased by the exposure of Cassio* 
poeia's beloved daughter Andromeda to the fury 
of the monster; but, just as she was about to be 
devoured, Perseus arrived and delivered her. 
Cassiopoeia was, after death, metamorphosed into 
a constellation. She is represented as seated in 
ah antique chair, drawing her robe over her shoul- 
d&r with her right band, and raising a palm branch 
to her head with her left* 



Lfio Minor. — 7%e Litde Lioh. 

This recent constellation was formed by Heve- 
lius. It consists mostly of smaller dtars, of which 
fotir of the 4th magnitude form a rectangle, by 
which the constellation may be easily known. It 
lies between the Great Bear and the Great Lioo. 



This constellation was also established by He 
▼eKus, and, like the preceding, is composed of 
small stars o^nly. 
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R. A. 97^, and Dec. 59^ 37^ is a triple star; two of the 
stars comprising it are only 2" apart, and nearly 9^ each frooi 
the third. Its components are of the 5th, 6th and 7th mag- 
nitudes. The last two are greenish white, the most distant 
one is blue. 



Peksisus et Caput Medtoue — Perseus and Medu- 

sa*s Head. 

This constellation lies between Camelopardalis 
and Taurus^ in the middle of the milky-way. 

a Mirzakfjor Algenib, on the breast. 
j6 Algol, in the Head of Medusa. 
I Menchibf in the leO calf. 
V JSTembus, at the point of the sword. 
Mtix, by the heel of the left foot. 

a, or Algenib, is the brightest star in this con- 
stellation ; it may be easily recognized as being in 
the middle of a tolerably regular curve, formed 
of several stars, concave towards the Great -Bear. 
From a towards s of Cassiopoeia, and distant from 
it about 5°, is / on the right of the head of Per- 
seus. A line drawn from the Pole Star to y and 
produced just one-third their distance^ will termi- 
nate in Algol. 7, jS and 6 form a triangle right- 
angled at 6 and nearly isosceles. 

Algol is remarkable for the peculiar changeable- 
ness of its light. At the time of its brightest 
tight it is of the 2d magnitude, and nearly equal 
to .a above it; 61 hours after it has attained the 
2d magnitude, it suddenly begins to become fainter^ 

D 
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and diminishes in 4 hours to the 4th magnitude. 
It remains in this condition of minimum bright- 
ness 18 minutes, and in the following 4 hours and 
40 minutes, it increases again to the 2d magni- 
tude, in which state it continues 61 hours, and 
then begins to diminish again. 
Among the doable stars are, 

£ in the left knee of Persons ; its components are of the 3d 

and 8th ma^itades ; distance 9" ; the greater stax is green, 

and the smaller bluish white. The image which this pair 

of stars presents is beautiful and well defined. 
^ of the 3d and 9th magnitudes ; 12'' apart; greenish white 

and ash-coloured. 
9j on the right side of the helmet; 4th and 8th magnitudes; 

distance 30"; the greater yellow, the smaller dark blue. 

Both colours very distinct. 
$ 4th and 10th magnitudes; 15" apart; the greater star is 

yellow. Proper motion among the other stars 3T' in a 

century. 

By xi in the sword-hand of Perseus, a faint glimmer of 
light may foe seen with the naked eye, which, when viewed 
throu^ a telescope, appears as an extraordinarily lieh ool* 
lection of small and densely clustered stars. The whole 
group forms an ellipse, and has in its centre a doable star* 

On the left eye of Perseus we find another beautiful group 
of about 20 stars of the 8th, 9th and 10th magnitudes, with 
many other smaller stars. This group has also a double star 
at its centre. 

PABLB. 

J?mi«ms, the son of Jupiter by Dan®, under- 
took the perilous adventure of destroying the Gor- 
gonSf who were represented as three sisters. Of 
these. Medusa alone was mortal ; and, though ori- 
ginally a person of great beauty, she had become 
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so disfigored by a metamorphosis of Minerva, that 
her beautiful locks were changed into snakes, and 
her face was so tremendous that all who beheld it 
were changed into rocks or stones. Perseus, 
however, favoured by the gods, succeeded in his 
undertaking, cut off Medusa's head, and after- 
wards rescued Andromeda from the sea-monster, 
by showing the latter the Gorgon's head, by 
which he was turned into stone. Perseus is repre- 
sented with a sword in his right hand. Medusa's 
head in his left, and a sword at his ancles. 



Tarandus — The Reindeer. 

The Reindeer was establislied by Lemonnier, in 
memory of the meridian-measure completed in 
Lapland, in 1736. This constellation is situated 
between the middle of the Shepherd and the Pole- 
Star, and contains only small star9« 



Telesoopiitm Hebscheui — HerschePt Telescope. 

This recent constellation lies between the Lynx 
and the Wagoner. It was proposed by P. Hell, 
in honour of Herschel and his discoveries in the 
heavens, 

6* 
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PLATE V. 



CONSTELLATIOIfS. 



Pegasus . 
Andromeda 
Triangula 
Musca . . 
Pisces . • 
Aries • • 



The Flying Horse. 
Andromeda. 
The Triangles* 
The Fly. 
The Fishes. 
The Ram. 



Pegasus — The Flying Horse. 

This constellation may be known by four stars, 
one of the 1st and the others of the 2d magnitude. 
They form a regular quadrangle, called the Tra- 
peziunif or sometimes the Table. The North- 
eastern of these four stars is in the head of An- 
dromeda. They are : 

a, Markab. 

/9, Scheat 

y, Algenib. 

a. Sirrah^ (in the head of Andromeda). 

Besides these we remark the following large 
stars : 

s Enif. 6 Baham. 

I Homan. r Kerb* 

^ Matar. 
s of the 3d magnitude, in the nose, is at a dis- 
tance from a a little greater than the distance of 
a from /, and nearly in a line with those two stars. 
n is also a star of the 3d magnitude, about 5^ from 



TBM OOHSTBIXATI(»ff* 97 

jS in the prolongation of the line through y and jS. 
^ is equally distant from s and if], the lines joining 
it with these two stars being nearly at right angles 
to each other. 

as is a double star. Its components are of the 4th and 11th 

magnitades, U" apart, both yellow. 

R. A. 320^ 3(y, Dec. 11° 26', a large nebula, very bright in 
the middle, from which streaks of light proceed. 

R. A. 327° 15^ Dec. 33^ 30^, stands another light elliptical 
nebula, 30" long and 9^ wide. 

VAJBLB. 

Pegasus was a winged horse, which, as the 
mythologists pretend, sprang from the blood of 
Medusa when Perseus had cut off her head. He 
became the favourite of Apollo and the Muses ; 
and being afterwards tamed, either by Neptune or 
Minerva, he was given to Bellerophon, when he 
undertook to conquer the Chimera. Having 
achieved this adventure, Bellerophon attempted 
to mount the heavens on his horse, but Jupiter 
sent a gad-fly to sting the animal, so that he dis- 
mounted his rider, who fell headlong to the earth. 
Pegasus, however, continued his flight upwards, 
and was placed by Jupiter among the constella- 
tions. The Jewish Rabbis have a legend of 
Nimrod, very similar to this of Bellerophon, which 
authorizes us to place this constellation among 
the oldest in the sphere. 
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AndbomedA) called also by the Arabs Phoca> 

the Seal. 

This constellation lies between Pegasus^ the 

Fishes, and Perseus. The three largest stars in 

it are : 

a Sirrah^ 

jS Mrach. 

y Alamdk. 

They stand nearly in a right line, which, pro- 
longed above 7, would pass near Mirzak (a Persei). 
The other principal stars are d, s and ^9 midway 
between a and /S ; b and ^, in the arms, forming 
* nearly a square with a and jS ; and fi> and v, in a 
line with ^ perpendicular to the line joining y and 
L All these are of the 4th magnitude except ^, 
which is of the 3d. 

The principal double stars are, 

y or Alamak, which is seen double in common telescopes. 

Its components are of the 3d and 5th magnitudes ; 10^' 

apart ; orange-coloured and emerald green. The colours 

are very distinct; a beautiful object. See Plate XVI. 

36 R. A. IV 24', Dec. ^^ 41'; yellow; of the 6th and 7th 

magnitudes ; |" apart. 
69 R. A. 30° 3', Dec. 38° 13'; both bright yellow; of the 
7th magnitude ; distant 16". 
R. A. 16° 45', Dec. 48^ 5^ is a quadruple star of the 7th, 
8th, 8th, and lltn magnitudes respectively, distant \"^ 10", 
and 30". 

R. A. 8^ 15', Dec. 40° 20', Northeasterly over v in the foot, 
is a remarkable nebula. 

R. A. 9° 0', Dec. 42° 57', is a very wide-spread faint ne* 
bula, which embraces about eight square degrees. 



R. A. 349^ 30", Dec. 41° 30', is a round planetary nebnla 
of 13" diameter, with a wliilish bine light, and in it is a fine 
double star. 

FABL18. 

Andromeda, the daughter of Ccflheos and Ca8« 
siopceia, was exposed to be devoured by a sea- 
monster, to appease the wrath of Neptune, but 
Mras rescued by Perseus, who made her his wife. 
After her death, Minerva changed her into a con- 
stellation. Andromeda is represented by the figure 
of a woman chained by the wrists to a rock< 
Some suppose the fable to be founded on the ad* 
venture of Jonah, who embarked at Joppa lor 
Tarshish, to flee from the presence oi the IxNrd» 
but, in consequence of a mighty tempest raised 
by his disobedience, was thrown into the sea and 
swallowed up by a great fish, from which be was 
afterwards miraciilously delivered. 



Triangula — The Triangles, 

Lies between the head of Aries and the southern 

foot of Andromeda. It contains only smaller stars. 

The greatest among them is a or Mettallah. This 

is a recent constellation. 

The prineipai double star is, 
( whose components are of the 5th and 6th magnitudes ; 4'^ 
apart; the greater is yellow, the smaller blue. This beau- 
tiful pair of stars is situated midway between a and 9. 
They may be seen in good telescopes with illuminated 
field. 
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UmcA—The Fly. 

Between Aries and Perseus ; — a small constel- 
lation, containing one star of the dd and two of 
the 4th Diagnitttdes. 



Pisces — The Fishes. 

The two fishes are connected by a band; the 
one lies between Pegasus and Aquarius, and the 
other between Aries and the head of Andromeda. 
This constellation consists of stars of the 4th and 
inferior magnitudes. 

Among the double stars are, 
a Its components are of the 3d and 8th magnitudes ; distant 
. Sf' ; the greater greenish white, the smaller blue. 
^ of the 4th and 5th magnitudes; distant 23"; both white. 

Their proper motion Is 11'' in a century. 
4> of the 5th magnitude ; both white ; distant 3(/' ; easUy 

seen in common telescopes. 

R. A. 3° (/, Dec. 14^ 26^, a faint nebula, but extended orer 
seven square degrees ; and in R. A. 25^ C, Dec. 5*^ 4/ is a star 
of the 8th magnitude, at the end of a fine, long, straight 
nebulous streak. 

FABUS. 

These Fishes are said by the febulists to be the 
same that Venus and her son Cupid transformed 
themselves into, to avoid the fury of the giant 
Typhceus, when he assailed the gods on the banks 
of the Euphrates. The character (x) is supposed 
to have the appearance of two fishes tied back to 
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beek ; and the figure is that of two fishes tied by 
their tails, with a loose cord of some length. 

The s^tin* enters this sign about the 19th of 
February. 



AuB»^7%e Ram. 

We recognise this constellation by the three 
large stars in the head of the Rain» about 20 de« 
grees doe south of Alamak* 

The priaeipd stars are : 

a Hamd. 
fi Skercttank. 
y Mesarthius. 

Among the dcmble static itte, 

y both of whose components are of the 4t& magnitude ; 

very white; distant 9'^ See Plate XVI. 
c in the hinder part of the back ; both white ; of the 6th 

magnitade ; distant half a second. 
ft in the middle of the thigh, is a triple star, of the 5th, 8th 

and 10th magnitudes ; yellowish white ; distant 3'^ and 

35". 
52 Arietis, R. A. 43° 48', Dec. 24° 32', is a triple star; the 

two largest are very white, of the 6th magnitude ; distant 

I of a second. The third is also very white, of the Uth 

magnitude; distant 5" from the other two. 

FABLE. 

The fabulists pretend that Aries was the ram 
which bore Phryxus and Helle to Colchis, for the 
recovery of whose golden fleece Jason undertook 
the celebrated Argonautic expedition. The ani- 
mal itself, say they, Jupiter snatched up to heai* 
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ven and formed into this constellation. The cha- 
racter (t) by which it is marked, is supposed to 
represent the ram's horns. Among the ancient 
Egyptians, Ammon, the symbol of the sun in 
Aries, was represented with a disc over his head. 
The sun enters this sign about the 20th of 
March, which constitutes the vernal equinox, the 
commencement of spring, and the beginning of 
the astronomical year. From this point the right 
ascension and longitude of the heavenly bodies 
are reckoned. It is the opening of the day at the 
North Pole, and the end of day at the South. The 
days and nights are also at this period equal all 
over the earth except at those points. The sun at 
this time has no declination, and is vertical to the 
equatorial parts of the earth. 



PLATE VI. 
CONSTELLATIONS. 

Auriga The Charioteer. 

Taurus The Bull. 

-Cancer The Crab. 

Orion Orion. 

Gemini The Twins. 

Monoceros .... The Unicorn. 

Canis Minor . . . The Little Dog. 
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AiJRiGA — The Charioteer y 
With his two Croats. In this we observe a or 
the Goat (Capdla or Mhajot)f a beaatiful star of 
the first magnitude, and /3 or Meukalinam, on the 
right shoulder. With these two stars, jS, in the 
exterior right foot of the Charioteer, or at the ex- 
tremity of the northern horn of the Bull, forms a 
triangle, by which the constellation may be easily 
recognised. Also, the three stars e, ^ and ri, form 
a small triangle* 

Among the remaikable objeets in thU constellation are : 

u a double star. Its components are of the 4th and 8th mag- 
nitades; distant 6^'; the greater pomegranate colour, the 
smaller bluish white. 

In R. A. 76° S', Dec 32^ 29', is a triple star of the 5th, 7th 
and 11th magnitudes; distances IS'' and 1§"; the greatest 
green, the two smaller bluish white. 

R. A. 74^ 15', Dec. 37^ K/, stands a well-defined group 
of about 30 stars, with a double star in the centre. 

R. A. 77^ 0', Dec. 39° 9', is a rich group of stars, with an 
orange-coloured star in the centre. 

R. A. B0° (/, Dec. 34? 7', is situated a nebula in the form 
of an isosceles triangle, the equal sides being 4" in length, 
fvith a triple star at the centre of the triangle. 

FABLB. 

Auriga. — Various accounts are given of the 
origin of this constellation. Some suppose Auriga 
to be the same as Pha6ton, the son of Sol, who, 
undertaking to drive the chariot of the Stxi, set 
the world on fire, and was struck by Jupitei* into 
the Eridanus. Others identify him with'Erich^^ 
tbonius, the Egyptian king of Athens, the reputed 
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inventor of chariots and the art of using them 
with horses. He is also represented as the same 
with Myrtilus, son of Mercury by Phaetusa^ and 
charioteer to JSnomaus, king of Pisa. He was 
famous for his great address in driving, and the 
management of horses; but his infidelity to his 
master cost him his life. He was, however, made 
a constellation after death, in compliment to his 
fathei^, Mercury. 



Taukus— 7%e Butt. 

The most remarkable stars in this constellation 

are: 

a AldActran or PalUicium. 

jS Jiath. 

y Hyadum L 

5 Hyadum IL 

8 Ain. 

a is a star of the first magnitude in the right 
eye of the Bull ; hence it is sometimes called the 
BvlVs Eye ; it may be known by its faint reddish 
light; )3 is in the extremity of the northern horn ; 
y is over the mouth, and s in the left eye. In the 
end of the southern horn is the star ;. 

The stars a, 7, ^y « and d, form a figure like the 
letter Y. This cluster of stars on the head of the 
Bull is called the Hyades. (See PI. XVI. Fig. 13). 

There is another group on the neck of the Bull, 
smaller but more dense than the former, called the 
Pleiades or Seven Stars. This is probably the 
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most remarkable and most generally known of all 
the groups in the heavens. It occupies a space 
about 2^ in diameter, and contains one star of the 
4th, six of the 5tb» five of the 6th, and thirty-two 
of the 7th magnitude, besides many smaller ones. 
The most important of these stars are : 

b Electra* 
d Merape. 
«} Alcyone* 
f Atlas. 
(See PL XVI. Fig- 12). 

Six of these stars only are visible to the naked 
eye; but Pliny, Hipparchus, Ptolemy and others, 
reckoned seven. They pass vertically over the 
desert parts of Africa, Arabia, Bengal, the southern 
parts of China, California, and the Straits of Flo- 
rida. 

Among^ the doable stars in the Pleiades, we notice : 
fl Oft Jkyone, Its components are of the 4th and 7th magni- 

tnde; the greater is greenish white, the smaller white; 

distant ur\ 
f or JitJasy of the 5th and 7th magnitudes ; distant J second. 

This star appears double only in choice telescopes, in clear 

weather. T%e two stars appear to have a short period of 

revolution round each other, 
n Pleiadum, of the 7th and 10th magnitudes ; v^ry white ; 

distant 3". 

In R. A. 51° S', Dec. 23° 53', is a triple star, 7 Tauri, of 
the 7th, 7th and 10th magnitudes, of a yellowish colour. The 
first two are two-thirds of a second apart, the third is distant 

In R. A. Sl^ (f, Dec. 21<> 53^, is a beautiful elliptical ne- 
bula, 4' long and df wide. 
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FABLE. 

Taurus. — ^The ancient mythologists pretended 
that Taurus was the bull under whose form Jupi« 
ter concealed himself, when he carried off Europa 
from Tyre, across the seas to Crete ; and that Ju- 
piter rewarded the brute's service by making him 
a constellation. The character ( ^ ) is said to 
represent the bull's face and horns. 

The Pleiadbsi or Seven Sturs, derive their name, 
according to the mythologists, from the seven 
daughters of Atlas and Pleione, who were^ changed 
into stars. Six of them had married immortal 
gods ; but the seventh, Merope, married Sisyphus, 
a mortal, whence her light was dim and sometimes 
scarcely to be seen. The time of their rising, 
which is in the spring, was preferred by the an- 
cients for undertaking long voyages. 

The Htades, in the south eye of Taurus, are, 
according to the mythologists, the seven daughters 
of Atlas and iEthra, and were metamorphosed into 
stars for immoderately bewailing the death of their 
brother Hyas, who had been devoured by a lion. 
The sun enters Taurus about the 20th of April. 



Cancer — The Crab, 
Contains but few important stars. The prin- 
cipal are : 

a Sertan, or Ezzaban. 
y The Northern Asdlus. 
i The Southern Asellus. 
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Between y and 8 is Prasepey or the Manger* 
This Manger (R. A. 12T \b\ Dec. 20'' 30) is a 
group of many stars clustered together. Upon a 
surface of about ooe-half a degree square, there 
are more than forty conspicuous stars, besides 
naany other smaller ones. (See PI. XVI., Fig* 14). 

Among the doable and multiple stars are, 
^ in the tail of the Crab ; triple ; components of the 5th, 
6th and 6th magnitudes ; all yellow. Distance of the first 
and second 1'^, that of the third b". The first pair revolTe 
round each other in 59 years, in an orbit nearly circular ; 
their mean distance is \". The third rcTolyes more slowly 
round the common centre of the other two. Or, more pro- 
perly speaking, this system is composed of three suns, 
which all revoWe round a common centre. This is the 
most remarkable system in the heavens. 

«< is a double star, both of the 6th magnitude ; distance li'' ; 
the greater yellow, the smaller bluish. 

In R. A. 139^ 3(/, Dec. IS^' 13% is a dense claster of many 
small stars, in the middle of which there is a large central 
star. 

FABLE. 

Cancer. — ^Wben Hercules, say the fabulists, 
was combating with the Lernsean Hydra, Juno, 
his inveterate enemy, sent a crab to bite him ; the 
hero, however, crushed the reptile under his heel, 
and the goddess, out of compassion, placed it 
among the constellations. The character (oi?), 
pointing both ways, is supposed to indicate the 
sun's declination from north to south; but it is 
more probably only a careless imitation of the old 
Egyptian and Hindoo mark 3 for the Scarabeus, 
7* 
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or Beetle^ ^hieh seems to have been the original 
sign of this constellation. The figure of a crab, 
which always moves sideways, is also fancied to 
be emblematical of the sun's motion when it en- 
ters Cancer, for it then passes sideways along the 
tropic without crossing it. Other figures, besides 
the crab, have been used for this constellation by 
the ancients; as the beetle, and Hermanubis, pr 
Hermes with the head of an Ms, among the Egyp- 
tians; the beetle, in the Hindoo zodiac; and tux> 
asses by the Orientalists. The Greeks, through 
whom we have received the sign, placed two asses 
in it, where they still remain, under the titles of 
Asellus Boreas and Asellus Australis; and near 
them is the asterism Prsesepe, or the Manger. The 
sun enters Cancer about the 21st of June. 



Okion. 

This is the most beautiful constellation in the 
heavens. It was known in the most ancient times. 
It is mentioned by Job and by Homer. The prin- 
cipal stars are : 

a Betdgeuse. 6 Mintaka* 

j3 RigeL 8 Anilam. 

y Bellatnx. ^ Anitak. 

a, or Betelgeuse, is on the right shoulder, fi, or 
Rigel, ia on the left foot, and y on the left shoul- 
der. Midway between a and ^ are the three stars 
in the girdle ; S, or Mintaka, s, or Anilam, and ^, 
or Anitak, standing in a right line, and forming 
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Jacot^s Staf, or the Three Kings, as they are oaUed 
by some ; they are also by some denominated tte 
Rake. X forms with a, 7 and ^, ,a large quadrila- 
teral figure, with Jacob's Staff in its centre. Be- 
low the three stars in the girdle are n and i» and 
several smaller stars, forming the sword. A little 
above the line, joining the stars in the shoulders, 
are three small stars in the head of Orion. East 
of Bellatrix are several small stars in Orion's 
shield, forming a curve, concave towards his head* 

South of ^f the lowest of the three stars in the 
girdle, is tf, which Schroter considered twelve-fold, 
•but Struve, with the Dorpat Refractor, has found 
to be sixteen-fold. Under <f, in a right line with 
^ and (f, near d, is found the great and remarkable 
nebula ; and in the densest part of this nebula 
appears the star 6 itself, as a sextuple star, of 
which, however, only 4 stars, forming a trapezium, 
can be seen in ordinary telescopes. A fifth star, 
of the 11th magnitude, was discovered by Struve, 
in 1826. This small star can be seen in the 9 feet 
Fraunhofer Refractor of the High School, at Phi- 
ladelphia. A 6th star, of the 12th magnitude, has 
since been discovered. It was too faint to be 
measured in the Dorpat Refractor; but in the 
great Pulkovah Refractor its place is readily, mea- 
sured, with the field of the telescope illuminated. 

By comparison of the recent drawings of this 
nebula with the more ancient, it appears that it 
is continually ^hanging its appearance. Perhaps 
it is undergoing the process of condensation, sup^ 
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posed by some astronomers to take place in the 
formation of stars and stellar systems ! 

Among the double stars we also remark, 

fi or Rigel ; its components are of the 1st and 8th magni- 
tudes; distant W; colour yellowish white. See Plate 
XVI. 

{ in Jacob's Staff, of the 2d and 6th magnitudes ; distant 
2'^ ; the greater yellowish white, the smaller reddish green. 

» of the 3d and 7th magnitudes; distant 11"; the greater 
yellowish white, the smaller blue. 

X is a triple star, of the 4th, 6th and 12th magnitudes ; dis* 
tances 4", and 27" ; the greatest yellowish, the smaller 
purple. 

( of the 5th and 8th magnitudes ; distant 7" ; yellow and 
blue. 

In R. A. SQ^ (y, Dec. 1° 19', near e, and southward from 
it, is a beautiful star, in a very large round nebula of 24' dia- 
meter. 

This constellation abounds in nebulous stars« 
which are quite variable in their nebulosity. Her- 
schel, the elder, attributes this change to the 
changes that seem to be going on in the nebula) in 
Orion, which he thinks are situated on this siAa 
of the stars, and cause their nebulous appear- 
ance. 

FABLE. 

Orion was a celebrated hero of antiquity, and 
a mighty hunter, who accompanied Diana and 
Latona to the chase, but perished by the bite of a 
scorpion for his improper conduct. Being, how- 
ever, a descendant of the gods, Jupiter made him 
a constellation; and he is represented with a 
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sword in his belt, a lion's skin upon his left arm 
as a shield, and a club in his right hand. He 
seems to be the representative of Nimrod, that 
" mighty hunter," who is supposed to have been 
the author of the postdiluvian heresy. 



GsMmi — The Twins. 

This constellation is readily distinguished by 
the two stars, 

«, or Castor. 

jS, or Pollux. 

A line drawn from fi through a of Orion, and 
prolonged north-east of a to nearly twice the dis- 
tance of these two stars, will terminate near fi in 
the head of Pollux. Below, and near this line, 
lie /, '( and 6, three stars of the 3d magnitude, of 
which the first is in the foot, the second in the 
thigh, and the third in the girdle of Pollux. 
About 4^^ north-west of Pollux, is a or Castor, in 
the head of Castor. A line drawn through a, 
parallel to the former line, would pass through s 
in the knee, and just below fi. in the foot of Cas- 
tor ; these two stars are also of the 3d magnitude. 
Besides the seven principal stars above-mentioned, 
there are a great many smaller ones, which may 
be found by means of their positions with refer- 
ence to the abqu^-and to each other. 
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Among the doable stars are, 

a or Castor; its components are of the 3d and 4th magDi- 
tudes ; both greenish ; distant 5". Tlie stars of this re- 
markable and beautiful pair revolve round each other in 
232 years ; their mean distance is 1", They may be seen 
double in a good three feet telescope ; they have both the 
same proper motion among the other stars of 119" in a 
century. See Plate XVI. 

h of the 3d and 8th magnitudes ; distant 7" ; the greater yel- 
lowish, the smaller purplish. 

t of the 3d and lOth magnitudes ; distant 10" ; the greater 
bluish green. 

In R. A. 108° 45', Dec. 29° 60', stand two spherical nebula 
of equal magnitudes, with their limbs in contact, each having 
a bright nucleus in the cenUe. 

In R. A. 109° 46', Dec. 21^ 15', is a star of the 8th mag- 
nitude, in the centre of a round, light nebula, of 25" dia- 
meter. 

FABLE. 

GsMiNi. — The mythologists pretend thai Castor 
was the son of Jupiter and Leda ; and that be« 
tween him and his half-brother Pollux immortality 
was alternately shared. The character of this 
sign (n) is two perpendicular lines, joined at top 
and bottom by two parallel lines, indicative of 
union. The figure has long been that of two 
boys ; but it has had other devices, as two goats, 
&c. The sun enters Gemini about the 21st of 
May. 



MoNocEBOs — The Unicorn. 

This constellation was introduced by Hevelia»« 
It occupies a considerable sp^^e south of the 
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Twins and the Little Dog, and east of Orion. It 
contains only four stars of the 4th magnitude, and 
some others still smaller, and is not very easily 
traced in the heavens. 

In R. A. OS^' 5'y Dec. south 6<^ 55^, is a triple star, vhoie 
components are of the 5tb, 5tli and 6th magnitades ; distetit 
2" and 7"; all white. 



Canis Minok — The Little Dog. 

This constellation is distinguished by two large 
stars, 

a Procyon^ 

P Mrza or Gameiza, 

which lie about 20® south of Castor and Pollux. 
Procyon is a very bright star of the 1st magni- 
tude : it forms, with ^ and y of the Twins, a tri* 
angle very nearly equilateral. 

FABUB. 

CAins Minor. — This constellation is feigned to 
have been a hound of Orion by the Greeks ; or, 
according to some, it was Msera, who, by his 
cries, showed Erigone where her murdered father 
had been thrown — then pined away, but was 
made a constellation. The Egyptians were pro- 
bably the inventors of this constellation ; and they 
may have given it this figure to express a little 
dog, or watchful animal, going before or leading 
OB the greater, or rising before it ; and hence the 
(iatins called it Aniecanis^ the star before the dog. 



84 TBS COKSTBLLATIOirS. 

PLATE VII. 
CONSTSLLATIODS. 

Bootes 7%e Herdsman, 

Lyra 7%e Hmy. 

Hercules . • • . Hercules, 

Corona Borealis . . 7%c Northern Croion. 

Taurus Poniatowski Tlte Polish Bull. 



Bootes — The Herdsman. 

This is a large constellation, south of the Great 
Bear, and between the Heart of Charles and the 
Northern Crown. The principal stars are : 

a Arctwrus. ^ Mufried. 

8 Nekkar. fx Alkcdurops. 

$ Izar. 

Arcturus is a. bright star of the 1st magnitude, 
and may be found by conceiving the curve which 
passes through the three stars in the tail of the 
Great Bear to be continued about 30° from yj. On 
the opposite sides of Arcturus, and nearly in a 
line with it, are two stars, )j and |, of the 3d mag- 
nitude, in the legsf. 6° east off] of the Great Bear, 
is A in the left hand. A line drawn through 6 and 
7) of the Great Bear, and produced twice their 
distance beyond % would terminate near y in the 
left shoulder ; and about 6° east of this star will 
be found jS in the head of Bootes. About 8° below 
j?, and in a line with d, is 6 in the right shoulder^ 
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7» j3 and 6, 6>rm a triangle^ right angled at /3. In 
a line with 6 and Arcturus, and midway between 
them, is s in the belt. 

The principal double stars in this constellation aie : 

t in the girdle. Ifs components are of the 3d and 6tii mag- 
nitudes; distant 4"; the greater deep yellow, and the 
smaller bluish green. It requires a good telescope to 
show c as a double star. 

i not far from ft ; 4th magnitude ; distant ly ; both white. 

• a triple star, of the 6th, 6th and 7th magnitudes; the two 
greater distant ^ of a second, the smaller distant 3d^\ 

;^ on the left hand ; 5& and 8th magnitudes ; distant 13'' ; the 
greater white, the smaller reddish blue. 

ft on the right calf; 5th and 6th magnitudes; distant 7''; 
both very white. 

I in the right knee; 5di and 7th magnitudes; distant 9'; 
the greater yellow, the smaller purple. They revolye 
about each other in a period of 120 years. 

We find, moreover, in this constellation, the following 
objects : 

In R. A. lOS^ O', Dec. 19^ 4', a beautiful, round group of 
stars, of S^ diameter, which, in the middle, is very bright. 

In R. A. 209° 30^, Dec. 29° 20^, a large, round, yeiy rich 
group, of 10' diameter, without a light nucleus. 

In R. A. 224° 45', Dec. 19° 6', a very large, round, plane* 
taiy nebula, of 6' diameter : and 

lit R. A. 225° 0', Dec. 20° 32', two equal, oval nebuls, 
nearly touching each other. 

FABLE. 

Some suppose Bootes to be the same with lea* 

rus, the father of Erigone, who was killed by 

shepherds for inebriating them. Others maintain 

that, before his translation, he was Arcos, the son 

8 



86 TAB GOKSTBLLATIOK8* 

of Jupiter and Caltsto ; others^ that ^ w^s Ly* 
caoQr the father of Calisto; ai>d some hold him to 
be the same with Erichthonias^ the inventor of 
chariots and the method of bamessing horses to 
them. This, however, confounds him with Auriga. 
The fact is, these are all ideal personages ; and 
the origin of this constellation seems to be lost in 
antiquity. Bootes is represented as in a walking 
attitude, grasping in his right hand a spear, while 
in his left, extended upwards, he holds the last of 
the dogs Asterion and Chara, which seem to be 
barking at the Great Bear. 



Lyra — The Harp. 

This small, but beautiful constellation, lies iii 
one of the regions richest in stars of all the hea- 
vens, where also the milky-way is very bright^ 
oe or Veg&j also called Lucida Lgrc^f is one of the 
largest and most beautiful of the fixed stars. The 
other large stars are /S or Sheliac, and 7 or Sula- 
phat. This constellation lies south-east of the head 
of the Dragon, and west of the neck of the Swan* 
Vega forms, with two small, stars, s and ^, an equi- 
lateral triangle. j3, 7 and 6, may be easily recog- 
nised in the heavens by an inspection of the map. 

Among the double and multiple stars are the following: 
a Its principal component is of the Ist magnitnde. It has 
a very small companion of the 11th magnitude placed at a 
distance of i2f\ (See PI. XVI. Fig. 11.) This system 
is distant from our sun 771,400 times the earth's mean dis- 
tance. Its light reaches us in 12 years. 
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is a quadruple star, or two pairs of stars, standing near 
- each other. Both pairs may he seen in the same field of 
the telescope. The stars are of the 3d, 7th and 9th mag- 
nitudes, and the greatest ^ is changeable in its light. It 
diminishes in 6^ days from the 3d to the 5th magnitude, 
and then increases again to the 3d. 
e over Vega ; 5th and 6th magnitudes ; distant 3^' ; the greater 
greenish white, the smaller bluish white4 Near this also 
is a second double star, visible in the same.^9}d of the tele- 

« 

scope, both white, of the 5th magnitude^ distant 2^'. 
Both these pairs of stars have the same prc^r motion of 
8'' in a century. 

^ on the left of Vega and near it; 4th and 5th magnitudes; 
distant 44'' ; both greenish white. This star appears dou- 
ble with ordinary telescopes. 

tj on the left side of the Harp ; 4th and 8th ma^itudes ; dis- 
tant 28'' ; the greater blue, the smaller ash-coloured. 
In this constellation we also find. 
In R. A. 287° 30', Dec. 29° 53', a beautiful group or cluster 

of stars, nearly in the figure of a triangle, without any proper 

nucleus. The greatest diameter of the triangle is 3' : 
In R. A. 281° 45', Dec. 32^ 49^, between jS^ and y, ^ very 

remarkable annular nebula, whose exterior diameter is 6i". 

(See Plate XVIII. Fig. 48). 

FABLE* 

Lyra. — This celestial tyre is said to be the 
same which Apollo gave 16 Orpheus, when the 
latter descended to Pluto^s^dominiohs to redeem 
his bride Euridice from death ; and after his own 
decease, it was made a constellation. It is with 
much greater propriety supposed to be an emblem 
of the very ancient d<^Htie of the ifnusical har* 
mony of the sijli^fres*, %h!dh still pi-evails in the 
East. 
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Hercules st Cerberus — Hercules with the Cer» 

berus^ 

In this constellation we observe a or Ras AU 
gethif on the head; u or Kajam, on the right 
elbow ; aiid X or MasinU in the upper part of the 
left arm : — a in the head, 6 in the breast, and « in 
the leg, are equidistant, and in a right line, which 
produced would pass through the North Pole. 
Extending from ^ towards y in the Harp, is a line 
of several small stars in the left arm, and below 
this arm are several small stars in the Cerberus. 
The star ^ forms a nearly equilateral triangle 
with ^ and 4r, and near the centre of this triangle 
is &• About midway between Ras Algethi and 
the Northern Crown, is ^ ; and 2^ south-west of /3 
is y. These stars are chiefly of the 3d magnitude. 
Several others of the 3d and 4th magnitudes may 
readily be traced by a reference to the map. 

Among the remarkable double stars of this eonstellatioii, 
are found 

a Its components are of the 3d and 7th magnitudes ; distant 
5" ; deep yellow, and deep blue. The greater changes firom 
the 3d to tbe 4th magnitude in 60 days. (See PL XYL) 

5 of the 3d and 8th magnitudes ; 35" apart ; the greater greeB, 
the smaller ash-white. 

Z of die 3d and 6th magnitudes ; distant V ; the greater yel- 
lowish, the smaller purplish. They revolve round each 
(Aatiik 3i years, ai a miean distance of 1^ seconds. 

;^ of the 5th and 6th magaitiides; ^sttnt 31"; both yellow; 
easily seen in common telescopes. 

pk of the 4th and 10th magnitudes ; yellow ; 30^' apart. Ths 



THE CONSTELLATIOTrS. 89 

proper motion of these two stars amon^ the other stars, is 

83" in a century. 
( of the 4th and 5th magnitudes ; distant ^ ; greenish white, 

and green. 

In R. A. 248° 45', Dec. 36° 48', between I and 17, is a very 
rich group of stars of an irregular form, without nucleus. 

This is the constellation towards which our sun 
with all its planets and their satellites, is moving 
in absolute space. The elder Herschel first con- 
ceived the idea of explaining the proper motions 
of the stars by such a supposition. He chose for 
the point of direction the star X. Herschel's 
opinion was doubted by many astronomers ; but 
was finally shown to be correct by Argelander. 
It is now ascertained that our system is moving 
towards a point in R. A. 259°, Dec. 36°, which is 
about a degree north-east of the small star u Her- 
culis, being within 10° of the point first conjec- 
tured by Herschel. The velocity of our system 
in this direction is estimated, by Struve, to be 
about half as great as that of our earth in its 
orbity or about 8 miles per second. 

FABIiE. 

Hercules, who is represented in this plate as 
kneeling, with the skin of the Lernaean lion thrown 
over his shoulders, holding a club in his right hand, 
and Cerberus in the left, was a celebrated hero of 
the most remote antiquity, and one of the great gods 
of the Egyptians. Many persons are said to have 
borne the name ; but all their exploits are attri- 
buted to the Theban Hercules, the reputed son of 
8* 
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Jupiter and Alcmene. Of his numeroas achieve- 
ments, twelve are more particularly noticed' as 
the Twelve Labours of Hercules, and are supposed 
to be emblematic of the sun's progress through 
the twelve signs of the zodiac. The name is a 
corruption of Arcles, a title of the sun. 

Cerberus, according to Hesiod, was a dog with 
a hundred hekds, though our mythoiogists give 
him only thtee ; he ' was reputed to belong to 
Pluto, and to be stationed at the gates of the infer- 
nal regions as a ^iiard. Cerberus is represented in 
the plate as a three-headed serpent. From this 
situation, Hercules, as his concluding labour, drag- 
ged him up to the realms of day, when he went to 
redeem Alceste. Some suppose this to be an astro- 
nomical fable, relating to the sun on his arrival at 
the autumnal equinox. 



Corona Boreaus — The JVorthern Crown. 

This beautiful little constellation is situated 
between Bootes and Hercules. The two largest 
stars of this constellation are a, or Gemmae the 
Jewel, and jS, or JVusakan. This constellation 
may be easily recognised by the regular curve 
formed by the principal stars. 

The principal double stars are, 
y Its components are of the 4th and 7th mag;nitude8 ; dis- 
tance, in 1826, yV'» i« 1833, y^", in 1841, J% in 1842, round 
and single ; the greater greenish white, the smaller purple. 
^ of the 4th and 5th magnitudes ; distant 7" ; tlie greater 
greenish white, the smaller greenish. 
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fj of the 5th and 6th magnitades; distant 1"; both yellow. 

They revolve roiin<} each other in 43 years. Their proper 

motion among the stars is 22" in a centaiy. 
5 of the 5th and 6th magnitudes; distant 1". They revolve 

round each other in 608 years, and their mean distance is 

4". Their dottbleness can only be detected by good tele- 
I scopes. They have both the same proper motion of 31" in 

a century. 

In R. A. 227° 44', Dec. 27° 3^, are two very white stars, of 
the 6th magnitude ; distant 1-^". 

V a triple star, of the 7th, 9th and 10th magnitudes; dis- 
tances 89", and 126". 

In R. A. 235° 5', Dec. 28° 47', over «, is a changeable star, 
which, in the period of 335 days, from being of the 6th mag- 
nitude, entirely disappears, and again increases to the 5th. 

FABLE. 

Corona Borealis. — This crown has the repu- 
tation of being the same which Bacchus gave to 
Ariadne, the daughter of Minos; and after her 
death it was made a constellation ; from Gnossus, 
a city of Crete, and the residence of Minos, it has 
obtained the name of the Gnossian Crown. By 
the Hebrews this asterism was called Ataroth^ 
which is still its name in the East. 



Taurus Poniatowski — The Polish Bull, 

Is between the head of Hercules and Lyra, 
was introduced in the year 1778, by the Polish 
astronomer Poczubut, in honour of the King of 
Poland, and contains only stars of the 4th and 
smaller magnitudes. 
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PLATE VIII. 
CONSTELLATIONS. 

Leo Major . . . The Great Lion, 

Virgo .... 77ie Virgin. 

Coma Berenices . Berenice's Hair. 

Sextans .... The Sextant. 



Leo Major — The Great lAon. 

The principal stars in this constellation are : 

a, or Regultis. 
jS, or Denebola* 
y, or Algidpa. 

6, or Zosmay also Hur d Asad. 
Sf or the southern Ras el Asad. 
jx, or the northern Ras el Asad. 
X, or Minchir. 
^ 0, or Coxa, also called Lubra. 

A line drawn from 8 through y of the Great 
Bear, will point to Regulus, in the breast, some- 
times called the Lion's Heart, and would also pass 
through y, in the neck of the Lion. ^ below y, 
and y, ^, it* and s, form a curve in the head and 
neck ; and these, with Regulus, constitute a figure 
somewhat like a sickle, Regulus and ^ forming the 
handle. In a line with Regulus and Arcturus, 
will be found j3, or Denebola, a star of the 2d 
magnitude, in the tail of the Lion. Nearly in a 
line with p and yls 6; and 5*^ due north of d is ^; 
and a line drawn from 5 through 6, would point 
out several smaller stars in the hinder legs. 
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Of the most conspicuous douUe stars of thisconstellatieii 

we Temark : 

y the most splendid double star in the northern hemispherey 
whose components are of the 2d and 4th magrnitudes ; dis- 
tant 3'' ; the greater gold yellow, the smaller greenish pur- 
ple, Bath stars have the same proper motion of 31" in a 
* century among the other stars. (See Plate XVI. Fig* 5.) 

( of the 4th and 7th magnitudes ; distant ^' ; the greater 
yellowish, the smaller blue. 

» on the fore-paw ; of the 5th and 7th magnitudes ; both yel- 
low. They rerolve round each other in 83 years, and their 
mean distance is |". In 1841, their distance was •^"; 
since then, in 1842 and 1843, they have appeared as a 
single round star. 

In R. A. lie^" 3(y, Dec. 25'' 42^, there is a beautiful, well- 
defined double star, of the 5th and 7th ma^tudes ; dis- 
tant 7". 

In R. A. 144^ 12^, Dec. 12^ 21', between the fore-paws, is 
a Tariable star, which, in a period of 311 days, fades from the 
5th magnitude and disappears, and again reappears and in- 
creases to the 5th magnitude. 

The most remarkable nebulae of this constellation are : 

In R. A, 167® 30', Dec. 14° 0', a light round nebula, grow- 
ing brighter toward the middle, with a decided nucleus. 

In R. A. 140<^^a', Dec. 22<^ 15', a double nebula. Both 
nebulae together form an elliptic figure, of which the major 
axis is 3'. 

In R. A. 167<=' 45', Dec. 14^^32', a nebulous streak 15' in 
length and I' in width, brighter toward the middle, with a 
fine star. 

There is, also, in R. A. 181° 45', Dec. 14° 6', a nearly 
similar, though smaller nebula. 

FABLE. 

Lso. — This sign is supposed by the fabulists to 
be a metamorphosis of the Nemiean lion, which 
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Hercules slew. The character (SV) represents the 
tail of that animal in an agitated state. In the 
Egyptian calendar, the sign ^ Leo contains the 
figures of two lions, and the head of a third. 

The sun enters this sign about the 23d of July* 
It is chiefly situated north of the ecliptic, and 
passes over the countries situated in'tlie'north part 
of the torrid zone, where lions are generally found. 



Virgo— 7%e Virgin. 

a or Spica, the Ear of Corn ^ or Azimech. 
)8 or Savijava. 
s or Vindemidtrixy^ 
1] or Zaniah, 

Spica is a beautiful star of the 1st magnitude, 
and may be easily distinguished by its brilliancy, 
being the only conspicuous star in the neighbour- 
hood. A line drawn from ^ in the head of Bootes 
through Arcturus, will point it out. Spica, Arc* 
turns, and /3 in the tail of the Lion, form a very 
nearly equilateral trfongle, the sides of which are 
each about 40°. A line drawn from Arcturus 
between ij and u of 'Bootes, will point out s in the 
northern, and ^ in the southern vving of the Vir- 
gin. A line drawn from /3 to a point about 5® 
north of Spica, will pass ii, y and ^, all in the 
southern wing; this line continued, will show us 
X and X in the southern ^t. A little north of 
these last we find jj. in the horthern foot, and (p 
and 1 in the robe. Between' 6 and 7 is ^ in the 
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waist. The head is marked by four small stars 
between fi Virginis and ^ in the tail of the Lion. 



The SteuiAB Sxbtek 7 YiRcmns. 
The appearance of the two components of this 
system in the Dorpat telescope, is shown in the 
cuts. Both are of the 3d magnitude, of a yellow- 
ish colour. 



■ This drawing is for an inverting telescope, 
magnifying the distance 1000 times. The upper 
star in the 6gare is variable in size compared 
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MTith the other. Sometimes it is larger, sometimes 
it is smaller. Mr. Maedler explains this variation 
by supposing that one of them^ though apparently 
single in the best telescopes, is really a double 
star, forming in this v^ay a triple system.. A pair 
of stars so close to each other in this system must, 
according to Kepler's third law, <' that the squares 
of the periodical times are as the cubes of the 
mean distances," revolve rapidly round each other, 
and cause a change in the apparent size perhaps 
as great as that which Struve has noticed. The 
disturbance of the two bodies by their near ap- 
proach to the third, must be very great. 

EXPLANATION^ OF THE DRAWING OF THE APPARENT 

ORBIT. 

Meedler has collected together all the measures 
of the bearing and distance of the components. 
The earliest, in 1719, is a measure of the bearing 
by Bradley. The distance by Cassini, in 1721, is 
only a vague estimate. The bearings and dia* 
tances by Mayer in 1756, and the elder Herschel 
in 1781 and 1803, are more precise. The mea- 
sures made since 1825 with the Fraunhofer filar- 
micrometer, chiefly by Struve and Msedler, ex- 
hibit great perfection, and conform well with 
each other. That of 1844, was made in Februa- 
ry, at the High School observatory. These mea- 
sures are all represented in the drawing. Brad- 
ley's, Mayer's, and the elder Herschel's bearings, 
are retained. Cassini's distance has been dimin- 



Stellar System. Gamma Virgin! 
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ished about a second, and applied to Bradley's 
bearing. The distances of Mayer and the elder 
Herschel have been slightly modified, so as to con- 
form to the most natural curve. This apparent 
curve is an ellipse, the plane of which is perpen- 
dicular to the line of direction, leading from the 
observer to this stellar system. The true orbit is 
inclined to this apparent orbit, and, of course, is 
here seen in perspective. 

The earliest computation of the orbit of these 
two stars was made about 15 years since, by Sir 
John Herschef, before their passage of their peri- 
helion. The imperfection of the measures then 
available, was such as to lead to an orbit with a 
period of 660 years. Shortly after the perihelion 
plissage, and the opening of the stars in 1838, Mr. 
E. P.- Mason, of Yale College, obtained an orbit 
with a period of 171 years. Msedler, from the 
most recent measures compared with all the pre- 
ceding, finds an orbit for these two components, 
having a period of 145f years. According to him, 
they revolve round each other in an elliptic orbit, 
having for the longer axis 6.tV"» and for the 
shorter only rV of a second. The history of this 
stellar system extends back 125 years, in which 
period they have nearly completed their orbit, 
having passed their greatest distance or aphelion 
in 1763, and ihe'ir perihelion or nearest approach 
in 1836. 

At this time the components were so close that 
no telescope in the world could separate them. 
9 
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Their appearance, when magnified a thousand 
times in the Dorpat telescope, is shown above. 
In the spring of 1836, their angular motion was 
a degree in 5 days. Such a velocity was required 
in order that,, according to Kepler's second law, 
their radius vector, or the line joining them, should 
sweep through the same area in a day as when at 
their greatest distance in 17G3. 

This remarkable stellar system promises to 
afford a deep insight into the secret workings of 
nature. The orbit of Maedler was computed sim- 
ply on Kepler's hypothesis of an ellipse, in which 
equal areas are described in equal times. 

If the force which causes this motion is that of 
Newtonian, or universal gravitation ; then the ac- 
tual velocity of each component in its orbit must 
increase as the square of their observed distance, 
or radius vector, diminishes. M sedler having com- 
puted their orbit without the latter supposition, 
found that the employment of it would cause no 
sensible change in the result; a beautiful con- 
firmation this of the doctrine of the universality 
of Newtonian gravitation ! 

The components of this system, besides their 
orbital motion caused by some original projectile 
force, and their mutual attractions, have also the 
same proper motion of 52" in a century, among 
the other stars. This affords a farther proof that 
they are bound together by some force different 
from that which connects them with the stars that 
appear in their vicinity. 
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Their distance will increase for the rest of the 
19th century. In the latter portion of it they 
will be easily seen double in ordinary telescopes. 
At present their distance is 2". They appear 
elongated in the 9 feet telescope of the High School 
Observatory, with a power of 100. With a power 
of 500, they appear to be separated by an inter- 
val five times as great as the diameter of the disc 
of either. 

The other principal double stare are, 

9 at the left of y ; its components are of the 4th and 9th mag- 

nitodes ; distant 7" ; both white. 
f» of the 5th and 10th magnitudes ; yellow ; distant 4''. 

In R. A. 213° SC, Dec. 9° 13' ; of the 5th and 7th magni- 
tudes ; distant 6" ; the greater bluish white, the smaller 
greenish white. 

The star in R. A. 187° 5', Dec. 8° 5', on the right wing of the 
Virgin, is variable. In the period of 145 days it varies from 
the 6th magnitude to invisibility, and increases again to the 6th. 

In R. A, 181° 15', Dec. 15° 51', is found a narrow nebula, 
nearly 1(/ in length, irregular at one end, with a nucleus like 
a bright star in the middle. 

In R. A. 154° 0', Dec. 5° 53', there is a star of the 8th 
magnitude, with a spherical, bright atmosphere, which is 
visible with moderate telescopes. 

In R. A. 193° (y, Dec. 3° 25', a star of the 8th magnitude, 
on one side of which hangs a small oval nebula. 

In R. A. 187° 45', Dec. 10° 4^, south; a bright, oval ne- 
bula, 5' long,, and j/ wide, with a light nucleus. 

FABLE. 

Virgo. — This constellation, among the mytho- 
logists, was Astraea, the goddess of Justice, who 
dwelt upon earth during the golden age, but was 
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translated to heaven when men gave themselves 
up to wickedness. Originally the character of 
this sign (<4i) consisted of three ears of corn ; the 
figure IB that of a virgin, with a stern but majestic 
countenance, and winged, holding a pair of scales 
in one hand and a sword in the other; or with a 
palm-branch in one band and some ears of corn 
in the other. Among the Egyptians, Virgo was 
ihe goddess Isis ; in the Oriental zodiacs, she is 
represented as a mother ; the Arabian and Syrian 
astronomers describe her with a male infant in 
her arms; and in the Persian sphere she also 
nurses a boy. The sun enters the Virgin about 
the 33d of August. 



CoHA Berenices — Berenice's Locks. 

This is a cluster of small stars about midway 
between Denobola, in the Lion, and a, orCharlea' 
Heart, in the Hounds. It contains five stars of 
the 4th magnitude, with many smaller ones. Its 
appearance to the naked eye is the same as that 
of a resolvable nebula in a good telescope. 

The cut shows the appearance of 42 Berenice's 
I^ocks in the Dorpat telescope, with a magnifying 
power of 1000. 
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This pair is situated in R. A. 195'' 24', Dec. 18^ 
28' ; both yellow ; of the 6th magnitude. In 1827 
they were distant ^"; in 1841, ^" ; in 1843 they 
appeared single and round. They have both the 
same proper motion among the stars, 45" in a cen- 
tury. 

The principal double stars are, 

In R. A. 178° 45', Dec. fiS? 36', at the right of the star h, 
is a double star, whose components are both of the 7th mag- 
nitude ; distant 4f* ; having a beautiful well-defined image. 

In R. A. 186° 30^, Dec. 19° 21', near the star 1, of the 5th 
and 6th magnitudes; distant 21"; the greater yellow, the 
smaller blue. 

In R. A. 191° 12', Dec. 22° 11', there is a triple star of the 
5th, 8th and 9th magnitudes; the greatest yellowish, the 
middle-sized blue; distances 1^' and 29". 

In R. A. 186° 8' Dec. 22° 9', is a pair of stars of the 8th 
and 9th magnitudes. In 1827, they were j" apart; in 1841, 
they appeared single and round; in 1842, they were again 
parted to the distance of ^". 

In R. A. 187° 0', Dec. 12° 8', is seen a very beautiful 
double nebula; both nebulae bright, rounded, and lighter 
toward the centre. Tbeir diameters are 45" and 60". 

In R. A. 192° <y, Dec. 22° 37', lies a double star enclosed 
by a bright, round nebula, whose diameter is nearly 6'. 

In R. A. 187° (/, Dec. 26° 56', we find a nebulous streak, 
15' in length and J' wide, with a faint nucleus, and in the 
middle of it a star of the 9th magnitude. Parallel to this 
nebula and near to it, another similar, but smaller nebula is 
visible. 

In R. A. 196° C, Dec. 19° 4', between the stars r and v, 
appears a very rich and dense cluster of stars, of the 10th 
and 12th magnitudes. The diameter of the cluster is 5'. 

9* 
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FABLE. 

Coma Berenices. — When Ptolemy Eiiergetes, 
king of Egypt, was going on a dangerous expedi- 
tion to Syria, about B. C. 247, his queen, Bere- 
nice, dedicated her hair to Venus, and hung it up 
in the temple. Sometime after the return of 
Euergetes, the tresses were missing ; and Conon 
of Samos, a great astronomer of his time, declared 
that Jupiter had transferred them to the heavens 
in the form of this constellation. 



Sextans — The Sextant 

This was mstituted by Hevelius, and contains 
only small stars. It is situated between the Great 
Lion and the Water Serpent. 



PLATE IX. 
CONSTELLATIONS. 

Antinoiis Antinous* 

Aquila . , The Eagle. 

Libra The Scales. 

Serpens The Serpent, 

Delphin-ts The Dolphin. 

Equiileus TTie Little Horse. 

Scutum Sobieski .... Sobieski*s Shield. 

Turdus Solitarius .... The Solitaty Thrush. 

Vulpecula et Anser . . . The Fox and Goose. 

Sagitta , 7%6 Arrow, 
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Antinous — Antinous, 
This small constellation under the Eagle was 
instituted by Tycho Brahe. It contains two stars 
of the 3d and four of the 4th magnitude, which 
may be found on referring to the map, by means 
of the stars in the Eagle. 

rj in the left arm, is variable. It changes in Tj days from the 
4th to the 5th magnitude. 

In R. A. SOl^' SCK, Dec. 4P 2^, south, is a double star, of the 
6th and 8th magnitudes ; distant 14'^. 



Aquila — The Eagle. 

The Eagle is situated south of the Swan. The 
principal stars are : 

a Altair. y Tarazed. 

jS Ahchain, ^ Dscheneh Okah. 

This constellation may be readily found by the 
three stars a, (3 and y, placed in a line, the bright 
star a being midway between the other two. 
The two stars ^ and s will be found midway be- 
tween Altair and the Cerberus (in the hand of 
Hercules). In the southern wing, south-west of 
y, are the two stars fA. and 6. 
Among the double stars vfe notice, 
ft about 2° N. E. of y ; its components are of the 6th and 

7th magnitudes ; distant 1'^ Both stars are yellow. 
X of the 6th and 7th magnitudes ; distant I" ; lately disco- 
vered by Struve, at the Pulkovah Observatory. 

In R. A. 290^ 45', Dec. 8° 53', there is a round, very rich 
group of stars, 40" in diameter. . 
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Libra — Tfie Scales. 

The Scales lie east of the Virgin. The princi- 
pal stars are : 

a Zuben el Genubh ' 
13 Zuben es Chimalu 

» 

y Zuben el Akrab. 

a in the southern scale, may be found by con- 
tinuing th^ line of the stars in the southern wing 
and foot of the Virgin. /3 is north-east of a, and 
about 9° distant from it. jS, Arcturus and Spica, 
form a triangle nearly equilateral. The other 
stars may be found, by referring to the map, 
without much difficulty. 

The star $ is triple ; of the 5th, 5th and 7th magrnitades ; 
distant 1^' and 7'' ; the two greatest yellowish white, the 
smallest bluish white. 

In R. A. 270*^ 3(/, Dec. 2° 44', is a beautiful, dense cluster 
of stars, whose centre is very bright 

FABLE. 

This sign constitutes the balance of Astraea, and 
its character (:^) is supposed to represent the 
beam. The Greeks pretend that it was placed in 
the zodiac to perpetuate the memory of Mochus, 
the reputed inventor of weights and measures. 

The sun enters Libra about the 23d of Septem- 
ber, when the autumnal equinox occurs. The 
sun, being then vertical to the equator, has no 
declination, and the days and nights are equal all 
over the earth, except at the poles, where the day 
closes at the n6rth and opens at the south. 
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SEBFENTARiug VEL Ofhiucuus — The Serpcnl- 

Bearer. 
The priocipal slat's are : 

a Ras Alhague. S First Jed. 

i3 Celbalrai. t Second Jed. 

a, in the head, may readily be found by its near- 
ness to Ras Algethi in Hercules. South of a and on 
each side of it, are the stars ^ and x in the shoul- 
ders; and near these are two smaller stars, 7 and t, 
which form with a an isosceles triangle. About 
20° below the stars in the shoulders, are n and g 
in the knees, which form nearly a rectangle with 
|8 and x. The feet are marked by several small 
stars in each, below those in the knees. 

The appearance ot r of the 'Serpent-Bearer in 
the Dorpat telescope is given in the cut. 



This stellar system is situated in the right arm 
of the Serpent-Bearer; the component stars are 
of the Sth and 6th magnitudes, respectively ; both 
yellow. In 1780 this Bystem appeared double, 
though the components were very close. In 1828 
it Appearetl single. In 1835 the stars were seen 
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in contact; the distance was j". In 1836 the dis- 
tance was §"» and the bearing had changed about 
10°. In 1841 the distance was j". It is still a 
difficult object for the best telescopes. 

The stellar system p of the Serpentr Bearer. 
R. A. 269^ 9', Dec. N. 2° 33'. 

The orbit of this remarkable system is shown 
in the figure. It has revolved nearly round since 
its first discovery by the elder Herschel in 1780. 
Its period is 93 years, being a little greater than 
that of the planet Uranus. The component 
stars are of the 7th and 8th magnitudes. The 
greater is yellow, the smaller purple. Their mean 
distance is 4~". Their present distance is 6i". 
They are now nearly at their greatest distance 
apart. They passed their perihelion in 1S12. 
They have both the same proper motion of 112" 
in a century among the other stars. The orbit 
has nearly the same mean distance as y Virginis ; 
but it is less eccentric, as will be noticed by com- 
paring the drawings. 

The ellipse ofpof the Serpent- Bearer is seen 
in the drawing in perspective, the true orbit being 
much inclined to the plane of the apparent orbit, 
and approaching much nearer to the shape of a 
circle than the drawing. This remarkable stellar 
system p of the Serpent-Bearer has been recom- 
mended by Bessel to the special care and atten- 
tion of astronomer^, on account of the shape of its 
orbit. By measuring the bearing and distance 
of the components, as well as those of each from 



Stellar System p of the Serpent Bearer. 
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Other stars in their vicitiity, not physically con- 
nected with them, astronomers will be enabled in 
time to determine the motion of each component 
with respect to their common centre, and conse- 
quently their relative masses. If the distance 
should also be found like that of 61 Cygni, we 
should then know how t^ mass of each compares 
with that of our sun. This system will also be 
useful in deciding the question, whether the New- 
tonian law of gravity prevails in the mutual at- 
tractions of the stars. Maedler, who has recently 
discussed this latter question, thinks that the 
known changes of bearing and distance of these 
two stars cannot be reconciled with the doctrine 
of universal gravity, unless we suppose that the 
actual centre of gravity of each of these suns is 
different from the apparent centre as estimated in 
the telescope. Since 7 Virginis on the contrary 
confirms the doctrine of the universality of gravi- 
tation, and since Maedler's anomaly may be ex- 
plained, according to M . Houzeau, by the aberra- 
tion of the stars' proper motions, we have no rea- 
son to consider j5 of the Serpent-Bearer as forming 
an exception. The drawing has been made from 
actual measures of the bearing and distance, with- 
out any other supposition than that of an elliptic 
orbit with the greater component star in the focus. 

The other principal double star is, 
X'lts components are of the 4th and 6th magnitudes; distant 
1'' ; the greater yellow, the smaller bluish. From 1800 to 
1825, it did not appear doable ; since 1825, it has been 
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separating more and more. The two stars revolve round 

each other in 88 years ; their mean distance is 1". 

In R. A. 252^ (/, Dec. 3^ 5(/, south, there is a round group 
of lO' diameter, fontaining a multitude of stars somewhat 
scattered. 

In R. A. 271° (/, Dec. 6^ 49^, there is a heautiful, bright, 
round nebula of 8^ diameter. 

In R. A. 260°, Dec. 22°, south, there appeared, in October 
1604, a new star, of the 1st magnitude. It disappeared in 
September 1605. Kepler wrote an interesting work on this 
star. 

FABLE. 

Serpentarius TEL OPHiucHUS. — This constella- 
tion was originally iEsculapius, son of Apollo, god 
of Medicine, bat killed by Jupiter with a thun- 
derbolt for his skill, particularly in having restored 
Hippoly tus to life. He is represented as grasping 
a serpent, the symbol of medicine, as well as of 
prudence and vigilance. 



Serpens — The Serpent 

The head of the Serpent contains two stars, y 
and jS, of the 3d magnitude, with some smaller 
ones, and lies directly south of the Northern 
Crown, a, 6 and e are immediately below the 
stars just mentioned, and nearly in a line with Z, 
in the knee of Ophiuchus ; and 6 and s near his 
left hand. The star fi. is due south of s about 10^ 
A line drawn from tj, in the right knee of Ophiu^ 
chus, to 7, in the Eagle, will indicate the direction 
of the tail of the Serpent, which contains several 
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small stars, a is called Unuk ; if Jed ; B, Mya ; 
and Xy Marsik. 

The double stars are : ^ 

|3 Its components are of the 3d and 9th magnitudes ; distant 
31'' ; bluish white. 

5 of the 3d and 4th magnitudes ; distant 3" ; the fonner yel- 
lowish white, the latter bsh-coloured. 

$ both of the 4th magnitude ; distant 33" ; yellowish white ; 
easily seen in small telescopes. 

In R. A. SIS^' 4', Dec. 15^ 3^, is a variable star, which, 
from being of the 8th magnitude, becomes invisible in ike 
period of 353 days, and again increases to the 8th. 

In R. A. 335^ 33^, Dec. IS^' 45', lies a variable star, which, 
from the 5th magnitude, becomes invisible in the period of 
340 days, and again increases to the 5th. 



Delphinus — 7%e Dolphin. 
This ' beautiful little constellation, \vhich lies 
between the Eagle, Antinous and Equuleu8> may 
be easily recognised by four stars, a, fi, 7 and 6, 
all of the 3(1 magnitude, which form a rhombus. 
Of these stars a is called Svcdozin, and ^ Rotanew. 
A little to the south and west of the rhombus is 
another star, s, of the 3d magnitude. This is in 
the tail, the other four being in the head of the 
Dolphin. 

In this constellation we may notice among the double stars, 
j3 whose components are of the 3d and llth magnitudes, both 

green, distant 33". 
y of the 4th and 5th magnitudes, distant 13''. The greater 

is of a deep golden yellow colour, the smaller bluish green. 

10 
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FABtB. 

The Dolphin is said to have been placed among 
the constell^ons for the assistance it afforded 
Neptune in i^>curing Amphitrite for his wife* 

Painters and sculptors represent the dolphin as 
a crooked hump-backed fish ; but, in reality, it is 
quite straight. 



Equitleus — The Little Horse. 

This little constellation lies* between Pegasus, 
the Dolphin, and the Water-bearer. It may be 
known by four stars of the 4th and 5th magni- 
tudes, which form an elongated, irregular trape- 
zium, a is called Kitalphar. 

/3 is a fine doable star, whose components are of the 4th and 
13th magnitudes. Sir John Herschel recqmmends this 
star as a good object for testing the quality of the best 
telescopes. 

e is a triple star, of the 6th, 6th, and 7th magnitudes, whose 
distances are 4" and 11''. 

FABEJB. 

Equvleus. — This asterism is said to represent 
the horse which Mercury presented to Castor, and 
which he named Celeris. 



Scutum Sobieski — Sobieski's Shield, 

SoBiESKi's Shield is one of the constellations 
instituted by Hevelius, between Antinous and the 
Serpent's tail, in the Milky-way. It may be 
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found by a small triangle, formed by three small 
stars, Mrhich is intersected by a line drawn from 
x, in the knee of Antinous to I, w^he left knee 
of Ophiuchus. At a little distanc^R-om this tri- 
angle, towards the Eagle, are several small stars. 

The star I Taries from the 5th to the 6th magnitude, in a 
period of 60 days. 

In R. A. 28(iP 45', Dec. 6^ 20^, south, is a large, round, 
beautiful group of stars, which, with ordinary telescopes, 
appears as a bright nebula. Diameter 12'. 



t: ■■■■a 



TuRDus SoLiTARius — The Solitary Thrush. 

> This is north of Libra; was established by Le 
Monnier. This constellation contains only smaller 
stars. 



VuLPBcuLA BT Anser — The Fox and Goose. 

This constellation is situated south of the Swan, 
and north of the Dolphin and the Eagle ; was 
established by Hevelius. It contains many small 
stars, among which may be noticed : 

§ In R. A. 295^ 15', Dec. 18^ 43^, a double star ; its compo- 
nents are of the 6th and 9th magnitudes ; distant 8^' ; the 
greater greenish white, and the smaller blue. 

e A triple star, 6th, 8th and 7th magnitudes; distances 11'' 
and 71" ; colours respectiyely, yellowish white, ash-colour 
and yellow. 
In R. A. 294^ 40', Dec. 26° 4(/, on the ear of the Fox, 

Anthelm saw, in June, 1670, a star of the 3d magnitude, 

r 
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which had diminished to the 5th, in Angust, and in October 
of the same year, had entirely disappeared. In March, 1671, 
he saw it again, of the 4th magnitude; and in March of the 
following year |h|73), it appeared of the 6th magnitude. 
Since that time tK?LS not been seen. 

In R. A. 300° 15', Dec. 20° 37', a large group of many 
stars, of the 10th to the 13th magnitudes, the largest of 
which is a double star. 

In R. A. 290^ 45', Dec. 19^ 55' a group of stars in the form 
of a trapezium, 3' long and 2' wide, and very dose. 

In R. A. 303° 45', Dec. 19° 34', a planetary nebula, beau- 
tiful, round and bright, and throughout of the same degree 
of brightness. It is 2" in diameter, and around it stand four 
small stars, like so many satellites. 

In R. A. 312<3 30', Dec. 29° 34', a nebula of 30^ in length 
and 2' in breadth, some parts of which are densely studded 
with very small stars. 

In R. A. 298° O', Dec. 22° 17', a very remarkable nebula. 



Sagitta — The Arrow. 
This is a small constellation under the Fox. 

FABLE. 

Sagitta. — According to the Greeks this was 
one of the arrows with which Hercules slew the 
vulture that gnawed the liver of Prometheus, 
when chained, by Jupiter's order, on the top of 
Mount Caucasus. 
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PLATE Z. 
CONSTELLATIONS. 

Sagittarius The ^fther. 

Scorpio The Scorpion. 

Lupus The Wolf. 

Ara The Altar. 

Norma, vel Quadra Euclidis The Ride. 

Telescopium The Telescope. 

Corona Australis . . . The Southern Crown. 



Sagittarius — The Archer 9 
Contains the following stars : 

a Alrami. 6 The Middle Kaus. 

jS^ The First Urhah. s The Southern Kaus. 

j82 The Second Urkab. X The JVorthem Kaus. 
y Hushuba. 

This constellation occupies a large space south 
of Antinous and Sobieski's Shield. The bow lies 
in the Milky-way, and is marked by four stars, ft, 
X, 6 and s, all of the 3d magnitude. The arrow 
is marked by two stars, (f and 6, of the third mag- 
nitude, and three small stars in the head ; it points 
towards the Scorpion. The remainder of the 
constellation is composed entirely of small stars. 

Within this coDStellation there appear : 

In R. A. 276^ SO', Dec. 24<^, south, a beautiful, round group 
of stars, of which the brightness rapidly increases towards the 
centre. The stars of the 9th and lOtii magnitudes are dis- 
persed throughout, but the edge is not well defined. 

10* 
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In R. A. 2930 30', Dec. 14° 33', south, a planetary nebula, 
\«'ith an obscure round disc of K^' diameter, with uniform light. 

In R. A. 268° Qf^ Dec. 23° 1', south, a forked nebula with 
three branches, |^ouble star in the middle, and near this star 
a dark opening.^P 

FABLE. 

Sagittarius. — Chiron, the son of Saturn by 
Philyra, was a Centaur, or twofold being — half 
man and half horse. He was famed for his skill 
in medicine, music and archery, and instructed in 
the polite arts, the greatest heroes of his times. 
Being accidentally wounded with a poisoned arrow 
by Hercules, and the wound, which was incura- 
ble, causing him great anguish, Chiron prayed 
Jupiter to deprive him of immortality, that he 
might, by dying, be relieved from his excruciating 
pains. Jupiter assented to his request, and 
changed him into the constellation Sagittarius, 
The character of this sign (1) is an arrow; and 
the figure, a Centaur, in the act of discharging an 
arrow from a bow : both are supposed to denote 
the hunting season. The sun enters Sagittarius 
about the 22d of November. 



Scorpio-— 7%6 Scorpion^ 
Contains the following principal stars: 
a Antares. I Graffias. 

J3 Mrab. X Schaula. 

S Dnchubba. u Lesath. 

The position of this constellation is easily de- 
termined by means of the bright star Antares, 
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* 

which is due south of Ras Algethi in the foot of 

Hercules. West of Antares are )3, 6 and 7t, which 

form a curve; and a little to the east of it is r. 

The tail is formed of several stars ii^ curved line 

concave upward ; the three stars, x, X and v, in 

the extremity of the tail, forming a small triangle. 

Among the doable stars are, 
Q of the 3d and 7th magnitades ; distant 14"; white and blue. 
(S near a ; of the 5th and 9th magnitudes ; distant 21". 

FABLE. 

Scorpio. — Orion, a celebrated giant, having 
impiously boasted that there was not on earth an 
animal which he could not subdue, Diana, whom 
he had offended, sent a scorpion, which gave him 
a mortal sting, and was afterwards metamorphosed 
into this constellation. The character (m) is some- 
what like the letter m, with the last stroke pro- 
longed, and armed with a sting, or dart. It is 
supposed to be emblematic of the fevers and other 
diseases which prevail in autumn. In the ancient 
zodiacs this sign is represented by a snake, a cro- 
codile, Typhon, with scorpions' tails, instead of 
legs, and a sting in either hand ; or with serpents' 
tails for legs, his body bound round with a snake, 
and a staif in each hand. The sun enters the 
Scorpion about the 23d of October. 



Lupus— 7^e Wolf, 

Lies to the south, under the Scorpion. This 
constellation is composed entirely of small stars. 
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Only the stars in the upper part of the Wolf rise 
above the horizon of Philadelphia. 



Ktlk— The Altar, 

Consists of small stars only. It is situated 
under the Scorpion's tail, and is not visible in the 
latitude of Philadelphia. 



N0RMA9 VEL Quadra Eucudis — The Rule and 

Square, 

The Rule and Square is between the tail of the 
Scorpion and the Wolf. This constellation >was 
instituted by Lacaille, and only the northern part 
of it rises above our horizon. 



Tblesoopium — The Telescope, 

Between Sagittarius and the Scorpion, was like- 
wise introduced by Lacaille. It is composed only 
of small stars, of which the northern ones alone 
are ever above our horizon. 



Corona Austraus — The Southern Crown, 

Between Sagittarius and the Telescope, is com- 
posed of small stars, the largest being of the 5th 
magnitude. 
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PLATE XI. 
CONSTELLATIONS. 

Aquarius The WateAhearer. 

Capricornus . • . • The Goat 
Piscis Australis . . . The Southern Fish. 
Globus i£rostaticus . 27ie Balloon. 
Microscopium . . • The Mcroscope. 

Grus 77^6 Crane. 

Phcenix The Arabian Bird. 

Apparatus Sculptoris . The Sculptor^s Tods. 
Indus The Indian. 



Aquarius — The Water-bearer. 
The principal stars in this constellation are : 

a Sadalmelik. $ Scheat. 

j3 Sadalsude. 6 Ancha. 

y Sadachbia. x Situla^ 

a and (3 in the shoulders form with s in the nose 
of Pegasus andaof Equuleus,aquadrilateral figure, 
nearly rectangular. 5° to the east of a is y in the 
right arra ; and east of 7 are three small stars, two 
of which, T) and x, with 7, form a right-angled tri- 
angle. These last are in the Urn, from which 
there issues a stream of water, which contains a 
number of small stars. 6 in the right leg forms 
with /3 and 7 an isosceles triangle, whose vertex is 
at y. 

Of the double stars, we remark : 
{ in the right hand, both of whose components are of the 4th 
magnitude ; distant 3'' ; colour greenish white. 
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In R. A. 3399 45', Dec. 5^^ 8', Bouth, a triple star, of the 
7th, 8th and 9th magnitudeB; diatances 4" and 56''. 

In IL A. 347^ 30^, Dec. 14^ 24', sonth, a double star, of the 
5th and 7th magnitudes ; distance, 13'^ ; light yellow, and 
blue. 

In R. A. 353^ 32^, Dec. 16° 23', south, a changeable star, 
which, in a period of 382 days, fades from the 6th magnitude, 
until it entirely disappears, and again increases to the 6th. 

In R. A. 321° 15', Dec. 1° 34', south, a large, round, beau- 
tiful group of stars, easily resolvable, very bright toward the 
middle. The brightest part is 6" in diameter. 

In R. A. 313° 45', Dec. 12° 2', south, a planetary nebula, 
with a round disc, equally light throughout, and of 5' dia- 
meter. 

FABLE. 

Aquarius is supposed to be the same with 
Ganymedes, son of Tros, the builder of Troy, 
whom Jupiter translated to heaven to be his cup- 
bearer ; or, according to other accounts, he is the 
representative of Deucalion, in whose time the 
Thessalian deluge happened. The character of 
this sign (tx^) is a natural representative of gentle 
waves; and the figure, that of a man. pouring out 
water from an urn, indicative of the moisture 
which prevails while the sun is passing through it. 
In the Egyptian zodiac, Canopus, with his pitcher, 
or cubit of justice, appears as the prototype of 
Aquarius with his urn. In the circular zodiac of 
Dendera, Aquarius is walking with a cup in each 
hand, while he balances upon a line or fine chain. 
At Esn^, he appears in the same attitude, but 
with only one cup in his left hand, from which a 



I 
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line or chain is hanging down. In the Egyptian 
zodiac, constructed by the second Hermes, Cano- 
pus, or Aquarius, is represented under the symbol 
of the Dea Multimamia; and from the numerous 
paps on the body, an abundance of milk appears 
to flow, jn allusion to the benefits derived from the 
overflowing of the Nije. In the Oriental zodiac, 
he sustains a vase, or cup of libation, in his right 
hand, and is habited in princely robes. The 
Etruscans represented the sun in Aquarius by 
Janus seated on a throne composed of twelve 
altars. The Egyptians call this sign Mon, or 
Meon, which is a solar title of very remote anti« 
quity, and indicative of a season of great mois" 
ture. The sun enters Aquarius about the 20th of 
January. 



CAPRiooBirDfl — 77ie Goat 
The principal stars in this constellation are : ' 

a} first Dschabe. v JSTashirah. 

o? second Dschabe. d Scheddi, 

P Dschabih. 

This constellation lies south of the Dolphin and 
Antinous, and west of Aquarius, d in the tail 
forms with 8 and y of Aquarius, an isosceles tri- 
angle, of which 7 is at the vertex. About 20° 
west of ^ is /S in the head ; and a little above /8 
are a, v and | in the horns. Below /3 are the stars 
«* and p in the head ; and still lower in the same 
direction, are •]* and w in the leg. 

p* 
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In R. A. 302^ 45', Dec. 15^ 19', south, a very fine double 
stax, a difficult object to detect; of the 17th and 18th (Her- 
Bchers) magnitudes; distance 3^'; near /3 Capricorni. Sir 
John Herschel selects this as a test object for the best tele- 
scopes. 

FABLE. 

Capricornus. — Pan, or Bacchus, fleeing from 
the giant Typhous into the river Nile, transformed 
himself into a sea-goat, and Jupiter made him a 
constellation. Or, Amalthsea, daughter of Melis- 
sus, king of Crete, nourished the infant Jupiter 
with goats' milk and honey ; for which senrice she 
was translated to the heavens, in the constellation 
Capricornus. The character of this sign (Y^) is 
supposed to have some resemblance to the tail of 
a goat ; but it is more probably an ancient mark 
for the name. The figure is sometimes that of a 
monster, partly a goat and partly a fish; but 
sometimes like a common goat, an animal fond of 
mounting, and therefore emblematical of the sun, 
which, having in this sign reached his greatest 
southern declination, begins to reascend toward 
the north. In the Egyptian zodiac, the sea-goat 
is held in a string by Anubis. In the Indian 
zodiac, this sign is represented by a goaipassantf 
traversed by a fish ; on the Oriental zodiac of Sir 
W. Jones, it is a fish swallowing an antelope, and 
surrounded by aquatic birds ; and in Moor's Hin- 
doo Pantheon, Capricornus is represented by an 
antelope. The sun enters Capricornus about the 
2\si of December. 
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Piscis AvsTRALis— 7%e Southern Fish. 

This constellation is situated under Aquarius. 
It is readily distinguished by means of a, or 
Fomalhaut, a star of the 1st magnitude, which, 
with the two stars (3 and s, forms a nearly equila- 
teral triangle. These three are the only important 
stars in this constellation. 



Globus iEROsTATicus — The Balloon. 

This constellation is situated under Capricor- 
nus, and west of the Southern Fish. It was intro- 
duced by Lalande. 



MiCROscopiuM — The Microscope, 

Is situated between Sagittarius and the Balloon. 
It was instituted by Lacaille. 



Grus — The Crane, 
Is south of the Southern Fish. It contains one 
star of the second magnitude, two of the third, and 
two of the fourth. 



Phcenix — The Phcmix, or Arabian Bird, 
Is situated east of the Crane. 

Apparatus Sculftoris — The Sculptor's Tools, 
Lies between the Phoenix and the Whale. 



■■■"■ ■-' 
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Indus — The Indian , 

Is under the Microscope, and westward from 
the Crane. 



The six last named constellations all lie very 
far south; only their northern parts rise to our 
view at Philadelphia. 



PLATE XII. 
OOlfSTELLATIOlfS. 

Cetus The Whale. 

Eridanus .... J%e River Po. 

Lepus The Hare. 

Harpa Georgii . . George*$ Harp. 

^deEgiu^^^ • Sceptre of Brandenburgh. 

Apparatus Chemicus Chemical Apparatus. 

Machina Electrica . Electrical Machine. 

Caelum Sculptoris . The Oraver. 

Horologium . . • 7%e Clock. 



Cbtus— 7%c Whale. 
The principal stars are : 
a Menkar. 

)S Diphda or Deneb Kaitos. 
Mira. 
^ Batan Kaitos. 

This is one of the largest constellations in the 
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heavens. It lies chiefly under Aries and Pisces. 
The head and neck of this sea-monster may be 
known by the three stars, a, 6 and o, lying in a 
right line, 6 being midway between the other two. 
a forms an equilateral triangle with the Pleiades 
and a of Aries. A little above d is 7, and a line 
drawn from 7 through will show us 6 and ?} a 
little above the line, and ^, /S and «-, a little below 
it. A line drawn from the Pleiades through a, 
will point out four stars, e, 4r, ; and (f, of the 4th 
magnitude^ forming a parallelogram. 

Among the double stars are : 
7 Its components are of the 3d and 7th magnitudes; distant 
fif.6 ; yellow and ash-coloured. Their proper motion among 
the other stars is 2V in a century. 
1/ 5th and 10th magnitudes; distant 8''; yellow and ash- 
coloured. 
X 5th and 7th magnitudes ; distant 4f^ ; white, and yellowish 

white. 
t is remarkable for its extraordinary proper motion of 181'^ 

in R. A. and 9^' in Dec. in a century. 
o called Mtra, or the wonderful, on the neck of the Whale ; 
a remarkable double star, of which the smaller can only 
be seen with the best telescopes, at a distance of 113^' from 
the greater. The greater is Tariable, changing from the 3d 
magnitude to invisibility, and again to the 6th, in the period 
of 333 days. 

In R. A. 3590 (K, Dec. Sl^ 40^, south, is situated a group 
of stars in the form of a triangle. 

FABLE. 

Cbtus. — The name of this extensive constella- 
tion, which occupies a greater space than any in 
the firmament, is derived, according to poetical 
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fiction, from the sea-monster Tt^hich went to de- 
vour Andromeda. It was struck deadon behold- 
ing the head of Medusa, which Perseus presented 
to it, and was afterwards placed among the stars. 



Eridanus — The River Po. 

Eridanus, under Cetus and Taurus, and west 
of Orion. 

a Achernar. ^ ZibaL 

Cursa. ri Azha. 

y Zaurak. o Beid, 

6 Rana. u Thetfiin* 

This constellation may be traced from Rigel in 
the foot of Orion, under the Harp to the Whale ; 
and thence, S. E. and S. W. in a serpentine direc- 
tion till it sinks below the horizon. The princi- 
pal stars visible in our latitude are, y, midway 
between Rigel and the parallelogram in the 
Whale; «}, near this parallelogram, in a line with 
7 and o of the Whale ; 5, about 6° N. W. of 7 ; 
s, making an equilateral triangle with t\ and 6 ; 
and u, in a line with in the neck of the Whale, 
and s of the River. 

The double stars are as follows : 

In R. A. 56° 15% Dec. 3^ 27', south. Its components are 
of the 4th and 6th magnitudes ; distant 1". The greater is 
yellow, and the smaller blue. 

In R. A. 61° 56', Dec. 7** 54', south ; a double star of the 
5th and 8th magnitudes; distant 8(/'. This double star 
has, next to 61 Cygni and fi Cassiopaeiia, the greatest proper 
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motion. It amounts in a century to 219'^ in R. A. and to 
345'^ in Dec, whilst the distance of the two stars from each 
other hardly changes. 

FABLE. 

s, 

Eridaitus, an ancient and celebrated river of 
Italy (now the Po), was made a constellation, 
because it received Phaeton when stricken of thun- 
der by Jupiter, after he had set the world on fire 
by his inexperience and temerity in presuming 
to drive the chariot of the Sun, his father. 



Lepus — The Hare* 

This is a small constellation, lying immediately 
under Orion. It may be known by the four prin- 
cipal stars, a or Arneb, jS or JSIihal, y and 5, form- 
ing a trapezium. About 4^ south of Rigel are 
four small stars in the ears of the Hare, s forms 
with a and Rigel a triangle, right-angled at a. 

» On the left ear, in R. A. 76° (/, Dec. VHP 5^ south, is a 
double star. Its components are of the 4th and lOth mag- 
nitudes ; distant 13" ; the greater greenish, and the smaller 
yellow. 

% on the same ear, in R. A. 76® 15^ Dec. 13^9', south, is a 
double star of the 5th and 8th magnitudes ; distant 3'' ; the 
gr^^ter is yellow, and the smaller blue. 



Harpa Georoh — George's Harp. 

The Harpi between Taurus and Eridanus, east- 
wardly from the head of the Whale, was estab- 
11* 
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lished by Hell in the year 1701, in honour of 
Georgd III. of England. 



ScEFTRUH Brandenburoium — The Sceptre of 

Brandenburgh. 

The Sceptre, or the Brandenburgh Sceptre, is 
situated between the Hare and the Harp. It 
consists of three small stars in a vertical line 
between Rigel and the parallelogram in the 
Whale, about one-fourth the distance from Ri- 
gel. It was formed in 1688 by Kirch, a Prus- 
sian astronomer. 



Apparatus Chsmicus — Tfie Chemical Apparatus, 

Is in the southern curve of Eridanus, and was 
instituted by Lacaille. 



Machina Electrica — The Electrical Machine, 

Under the Whale, and west of the Chemical 
Apparatus, was instituted by Bode. 



Caela Sculptorm — The Graver, 

Is south of the Sceptre, and west of the Hare. 
It was formed bv Lacaille. 
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HoROLooiux — The Clock, 

Between the Graver and Phcenix, was formed 
by Lacaille. 

The last six dbnstellations are composed, for the 
most part, of very small stars. 



PLATE XIII, 
CONSTELLATIONS. 

CaDis Major .... The Great Dog. 

Argo Navis . ... The Ship Argo. 

Columba The Dove. 

Pelis T%e Cat. 

Equiileus Pietoris . . The Painter's Easel. 

Officina Typographica The Printing Press. 

Pyxis Nautica . . . The Mariner's Compass. 



Canis Major — The Great Dog. 
The principal stars are : 

ll a Siritts. s Udara. 

P Mirza. ^ Furud. 

y Mvliphein. ri Alvdra. 
6 fVezen. 

This constellation lies to the S. E. of Orion. 
Sirius is the brightest of all the fixed stars. It is 
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in the head of the Dog, nearly in a line with the 
three stars in the belt of Orion, y in the head, 
and ^ in the left fore-paw, are nearly in a line 
with Sirius. About 15° S. E. of Sirius are three 
stars of the 2d magnitude, h, s and 11, forming a 
triangle right-angled at 6 ; and between S and e, is 
<f of the 3d magnitude. ^, in the left hinder-paw, 
forms with jS, a and e, a trapezium, which is very 
nearly a rectangle. Besides the above, there are 
several stars of the 4th magnitude, and many 
smaller ones which may be easily found. 

Among the double stars are : 
f» in R. A. 102° (/, Dec. 13° 5(/, south. Its components are 

of the 5th and 8tli magnitudes ; 3'' apart ; yellow and blue. 
p in R. A. 97^ 15^ Dec. 18^ 31', south, of the 6th and 8th 

magnitudes; 17'' apart; the greater reddish, the smaller 

blue. 

FABLB. 

Canis Major, according to the Greeks, was 
one of Orion's hounds ; but the Egyptians, who 
judged of the rising of the Nile by the rising of 
this constellation, or rather of the great star Siri- 
us, which is comprised in it, represented it by the 
figure of a dog, the symbol of a watchful and faith- 
ful monitor. It was the representative of^eir 
deity Anubis, and had the same relation to the 
Nile that Cerberus had to the sun. 
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Arqo Navis — The Ship Argo. 

The principal stars in this constellation are : 

a Canoptis, 
? JVaos. 
X Markeb. 

Of this extensive constellation, only the north- 
ern part rises above our horizon. The star Cano- 
pus, of the first magnitude, on the end of the rud- 
der, is in brilliancy nearly equal to Sirius, but it 
does not rise to our view. 

The prow of the ship may be known by three 
stars of the 3d magnitude, i, x and «, S. E. of the 
stars in the lower part of the Great Dog, which 
with several smaller stars form a curve convex 
towards the Dog. A lihe drawn from y in the 
head, through ^ in the tail of the Great Dog, 
and produced as far below ^ as 7 is above 
it, will terminate in ^, a star of the 2d mag- 
nitude. 7° due south of t, is 7, also of the 2d 
magnitude. A line drawn from Sirius through if\ 
in the tail of the Dog, will point out X, of the 2d 
magnitude. Due south of Sirius, and on a paral- 
lel line with X, is v. The other principal stars are 
toojfir south to be seen in our latitude. 

' T^ doable stars are : 

InR. A. 114° Sd', Dec. 14^ 16^ south. Its components are 
of the 6th and 7th magnitades ; distant 16''; both white. 

In R. A. 1150 C, Dec. U° 46, south, of the 6th and 7th 
magnitudes ; distant 3'' ; the greater yellow, and the smaller 
blue. 
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FABLB. 

Akoo Navib. — This constellation is believed by 
many to derive its name from the celebrated ship 
Argo, in which Jason and his companions went 
to Colchis, in quest of the golden fleece, and after- 
wards visited nearly all the known world. When 
the expedition was finished, Jason consecrated his 
ship to the god of the sea, and it afterwards be- 
came a constellation. Others suppose it was the 
ship in which Danaiis migrated from Egypt to 
Greece ; and all agree that it was the first long 
vessel ever built. In truth, the ship Argo is no 
other than th^ Ark of Noah. 



CoLVMBA — The Dove. 

This lies southerly^ under the Great Dog. Il 
was introduced by Roger, in the year 1&79. 



Fbus— 7%e Cat, 

Between Hydra and the Compass, was placed 
in the heavens by Lalande. 



tfl 



EQuiJisus PicroRis — The Painter* $ Easel, 
Between the Ship, the Dove, and the Graver, 
was introduced by Lacaille. 
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Opficina Ttinwraphica — The Printing Press, 
Between the head of the Great Dog, the Vnl 
corn, and the Cat, was introduced by Bode. 



Pyxis Navtica — The Compass, 
Between the Cat and the northern part of Argo 

Navis, was established by Lacaille. 
The band slung around it denotes the line, or 

log'line, added by Bode. 



PLATE XIV. 

• — 

CONSTCLLATIONS. 

Hydra The Water-Serpent, 

Crater The Cup. 

Centaurus • • • . . The Centatar. 

Corvus The Crow. 

Antlia Pneumatica . • The Air Pump. 
Robur Caroli • • • . Charles* Oak. 
Crux The Cross. 



Htdra — The Water-Serpent. 

1%e Water-Serpent is a very large constellation, 
extending under the Crab, the Lion, and the Vir- 
gin. The head may be known by four small stars 
situated south of the Crab, S, s, ^ and ri ; the first 
of these is of the 3d, and the others are of the 4th 
magnitude. The star d, called Alphard, or Cor 
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HydrcB, is about 20® S. E. of the head ; there is no 
other bright star near it for which it can be mis- 
taken : a line drawn from 7 of the Lion, through 
ReguluSy will show us this star, about 20° S. W. 
of Regulus. The three small stars, 4-, 1 and B, north 
of Alphard, mark the first coil. From a, it winds 
by a serpentine course under the Sextant, the Cup 
and the Raven, and is marked by a number of 
small stars, which may easily be found by the aid 
of the map, when the positions of these other con- 
stellations are known. South of Spica, may be 
found the two stars y and ^, in the tail, which 
form, with Spica, a triangle, right-angled at 7. 

Among the double stars are : 

c of the 4th and 8th magnitades; distances"; yellow and 
blue« 

In R. A. 1260 SC, Dec. 7"^ 14'; of the 6th and 7th magni- 
tades; distant 10"; yellowish and leddi^ yellow. 

u Hydr» in R. A. 199° 42^, Dec; 22<* 15', south* is a yariable 
star, which changes from the-5th magnitude to invisibility 
in a period of 494 days, 

FABLE. 

Hydra. — This constellation is said to represent 
the Lernaean hydra, the destruction of which con- 
stituted one of the twelve labours of Hercvies. 
Or, mwe probably, it was emblematic of the Nile 
at the period of inundation, if not of the poetic 
deluge. 



THE COirSTELLATIOlVS. 133 

Crater — The Cup. 

The Cup lies under the Great Lion, and between 
this constellation and the middle of Hydra. A line 
drawn from Arbturus, through 5 of the Virgin, 
will pass through it. The three principal stars, 
a, or Mkesy ^ and 6, form an isosceles triangle, 
whose vertex is at a. y and ^ are in a line wit|i 
a, and y and & are in a line with jS. 

In R. A. 178° 16', Dec. 17° 65', are two nebulae 
running into, each other. Both are much brighter 
toward the middle than near the edge. 

FABLE. 

Crater. — ^This cup, or goblet, was attributed 
ta Bacchus by the mythologists, and seems an 
allegorised symbol of Noah's discovery of the art 
of making wine. The fabulists farther pretend 
that Apollo, intending to sacrifice to Jupiter, sent 
a crow with a cup to fetch watery but the bird, 
being of a vagrant disposition, wasted his time in 
idle amusements, and at last, returning without 
the water, told Apollo that the stream was guard- 
ed by a venomous serpent. This falsehood was 
easily detected ; and Apollo, to punish the bird, 
placed him opposite to the cup, and, charged the 
serpent never to allow him to drink. 



Cbntaurus— TTic Centaur. 

The Centaur lies between the tail of Hydra and 
the northern part of Argo Navis, and south of the 
12 
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Virgin. Only the northern part of this constella- 
tion rises to our view. Directly south of Spica, 
several small stars in the head, and i and 6 in the 
shoulders, may be seen. 

FABLE. 

Centaukus. — The Centauri were a people of 
Thessaly, who,as the mythologists pretended, were 
the progeny of Ixion and Nephele, or a cloud ; and 
they were represented as monsters, half men and 
half horses. A celebrated warfare was main- 
tained between them and their neighbours, the 
LapithsB, which ended in the overthrow of the 
Centauri. 



CoRVUs — The Crow, or Raven. 

The Crowt east of the Goblet, and south of the 
Virgin, may be easily reo^nised by four stars, of 
the third and fourth magnitudes, which form a 
quadrangle. A line drawn through s and S of the 
Virgin, would pass through 6 and near 8 and a of 
the Crow. ^ and ^ of the Crow are in a line 
with 11 Virginis, and /3 and y are nearly in a line 
with jS of the Virgin. 

FABLE. 

CoRvus. — This constellation is said to have been 
the Crow into which Apollo metamorphosed him- 
self when fleeing from the giant Typhseus ; and 
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which was afterwards punished for insincerity, as 
is stated in the fable of the Crater. 



Antua Pnbvmatica — The Air-Pump. 

The Air-Pvmp is between Hydra, the Goblet, 
and Argo Navis, and was introduced by Lacaille. 



RoBiiB Caaoli — Charleses Oak. 

Charleses Oak, between the Centaur and the 

northern part of Argo Navis, was placed in the 

heavens by Halley, in memory of King Charles 

II., of England. 

In R. A. 159<> O', Dec. 589 4(/, south, near the star 17 of the 
oak, stands a very remarkable nebula, which has the appear- 
ance of a leg rftmUton. 



Crux — The Cross, 

With one star of the 1st, two of the 2d, and one 
of the 3d magnitude, was instituted by Roger in 
the year 1679. 

Charles's Oak and the Cross do not rise above 
our horizon. These and the constellations further 
south are never visible to us ; it will therefore be 
sufficient to give their names and places here. 
They will all be found on the niap of the Southern 
Hemisphere. 
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Right AieeMMB. Simth DwllMtioB. 

Ttoav— 7^ Jtmeriemi Ooo$$ .-. .From 330o to 90O From 58P to 73^ 

OcTANS Hadlsiamds— Ha(2;«y*« Octant . ** 170 •' 360 *• 75 ** 90 

UYt>RV»—Tk» MaU 1ViU9r Serpent «* 10 ** 00 ** 03 *« 82 

RxTicnLA. Rhomboidalm— 7^ BkmM' 

dalJm " 64 " 70 " » " 07 

DoRXDoythXimiAB— me StBordFUk.. ** 00 '* 110 ** M ** 76 

Moms MsjitiyoRMit— TTiMe MeunUun . . *« 55 " 140 «* 75 ** 85 

ViwsiaYohAM^Tke Flying FUh " 105 ** 135 ** 66 •* 68 

CKAMKhuoK^Tke CameUou ** 110 ** 180 ** 68 ** 81 

AviB^TheBee - 183 "510 " 63 "76 

Apis vsl Avm Imdica— • 7%e Bird tff 

Paradite " 180 "860 •• 67 "83 

CiKcinvB—TTU Qmptuses " 315 " S34 " 54 " 65 

Trianguldm AurntALB— 7*A« Southern 

Triangle or Lenel ** 390 " 353 " 68 " 09 

VkVO^The Peacock " S65 "316 " 57 " 75 

Indus— 7Ae JiMiian " 300 "343 " 48 "74 

Among the objects pear the South Pole, the 
following are remarkable : 

The two Black Clouds, called also Cap-Cloudt, 
Magdlan^s Spots, and Coal-Bags. The great black 
cloud extends from R. A. 185'' 15' to 196"" 15', 
and in Dec. from 61^ to 64^ south, and it lies on 
the east side of the Southern Cross. The double 
small black cloud is in R. A. 160'' 0\ and Dfic. 62^ 
south, near Charles's Oak. Both these striking 
dark spots are in a very bright part of the Milky- 
way. 

The two Southern Clouds are bright extensive 
nebulae. The great Southern cloud extends from 
R. A. 76° 46' to 90° 0', and from Dec. 69° to 7 1'* 
south, and lies nearly on the South Pole of the 
Ecliptic. The small Southern Cloud lies in R. A. 
27« 30', and Dec. 73° 10, south. 
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SEC. 12. 

THE GAUBITDAR OJ THE STARS, OR AN EAST METHOD OF 
FINDING THE STARS FOR EVERT SEASON OF THE TSAR. 

JANUARY. 

jib<nU the Middle of the Months at Half'past Nine o'clock in 

the Evening. 

The constellation Orion (Plate VI.) is nearly 
on the meridian ; and below him are the Hare and 
Dove (Plates XIL and XIII). The principal stars 
of Orion form a large quadrilateral, of which the 
two principal are in the shoulders : the Eastern, 
or principal star, is called Betelgtiex, and the 
western one Bellatrix. To the southward of them 
are three conspicuous stars, at equal distances 
from each other, called the belt of Orion. To the 
southward of his belt is his sword ; formed by a 
row of stars less brilliant than the belt. At about 
the same distance to the southward of the belt 
as Betelguex is to the northward of it, is Rigel ; 
and at the same distance from Rigel that Betel- 
guex is from Bellatrix, is a star called Saiph, on 
the knee, which, with the three last mentioned, 
forms the quadrangle enclosing the belt and sword. 

At an equal distance from Betelguex and Bella- 
trix, are three small stars, which constitute the 
head of Orion. 

The Little Dog (Plate VI.) is about 45 degrees 
high in the S. E. 
12* 
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Capdla, the principal star in the Charioteer 
(Plate VI.)» is near the zenith. 

Sirius, in the Great Dog (Plate XIIL), is in the 
S. S. E. It forms nearly an equilateral triangle 
with Procyon and Betelguex, being the southern 
point. 

Alphard, or Cor HydrcB, in the Water Serpem t 
(Plate Xiy.)» is in the E. S. E. about 19 degrees 
high. 

Castor and Pollux^ in the Twiirs (Plate YI.), aro 
in the east. The altitude of the former is 63 de^ 
grees, and of the latter 58. The foot of Pollux is 
about 60 degrees high» S. E. 

Regtdugy or Cor Leonis, in the Lion (Plate YIII.), 
is nearly due £. about 22 degrees high. Deneboiaf 
in the tail, is nearly E. N. E. about 5 degrees high. 

A line drawn from Regulus to Procyon, will 
pass the stars in the head of the Water Serpeitt 
(Plate Xiy.), which are nearly at equal distances 
from these two. 

Bereitice's Hair (Plate YIII.) is about 5 de- 
grees high, N. E. by E. 

Cor Caroli (Plate III.) is in the N. E. about 10 
degrees high. It is situated in the neck of Chara. 

Chora and Asterion are in the constellation of 
the Hounds (Plate III). 

Cor Caroli forms a triangle with Benetnasch in 
the tail of the Great Bear, and the third on the 
tip of the tail. 

In N. E. by N. are seen the seven stars in 
Ursa Major (Plate IV). Dubhe is 87 d^rees 
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high; jSltQth, in the tail» 22; and Benetnateh, 12 
degrees high. 

The principal star in the Draooit (Plate III.) is 
about 20 degrees high, N. N. E. 

Between the Great Bear and the Lion, is the 
Little Lion (Plate IV). 

A line drawn from Regulus through the Little 
Lion to the first and second stars, called the Point- 
ers, in the Great Bear, will pass through the elev- 
enth and twelfth of that constellation, in his left 
hind-foot. 

A little W. of the meridian is the Bull (Plate 
VI). Aldebarauy the principal star, surrounded 
by the Hyades, is about 65 degrees high, and his 
horns are on the meridian. The Pleiades are 
about 66 degrees above the horizon, S. W. by S. 

Nearly in the S. S. W. the star 7 in the River 
Po (Plate XII.)» is about 33 degrees high. 

Menkar, in the Whale (Plate XII.), is about 43 
degrees high, S. W. by S. 

The Ram (Plate V.) is seen S. W. by W. and 
W. S. W. a Arietis, called the Eastern Horn, is 
about 47 degrees high. 

AlgoU in Mepusa's Head (Plate IV.), is above 
the Ram, about 66 degrees high. ' 

If a line be drawn obliquely from this last star 
to the zenith, it will pass near three other stars at 
almost equal distances from each other : the high- 
est is Alamach, in the foot of Andromeda (Plate 
v.); the next is Mirach, in the girdle; and the 
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lowest represents AlpheratZy her head, and the 

principal star in the constellation. 

Below Andromeda's head, the constellation Pe- 
gasus (Plate v.) is remarkable by its three stars, 

which form a square with Alpheratz. Markab is 

about 8 degrees high; Algenib due W. 20 degrees 

high; and Scheat W. N. W. 15 degrees high. 

A line drawn from PollUfX, in the Twins (Plate 
VI.)j to ReguluSf in the Lioif (Plate VIIL), passes 
through the Crab (Plate VI.). 

In the N. W. by W. the W formed by the five 
principal stars in Cassiopeia (Plate lY.), is about 
45 degrees high. 

N. W. by N. Denebf called also Arided, in the 
tail of the SwAir (Plate III.), is about 7 degrees 
high. 

The two bright stars in the Dragoit (Plate III.) 
are due N. just at the horizon. 

Cepheus (Plate III.) is seen between the Dra- 
gon and Cassiopeia. 

The guards in the Little Bear (Plate III.), are 
at a little distance from the meridian. 



FEBRUARY. 
The Middle of the Monik, about Half-past Nine o'eloek. 

Procyon^ in the Little Dog (Plate VI.), is a 
little east of the meridian, about 55 degrees high; 
and a little higher is the second star in the coO' 
stellation. 
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Ca^or and Pollux, in the Twins (Plate yi.),aro 
about 25 degrees above Procyon. 

N. of Gemini is the Lynx (Plate IV.) ; and S. 
of the Little Dog is the Unicorn (Plate VL). 

Alphard or Cor Hydr<B (Plate XIV.), is nearly 
S. E., 34 degrees high. 

Car LeoniSj or Regvlus, in the Lion (Plate 
YIIL), is about 44 degrees high, in the E. S. E. : 
the star y in the Lion is about 8 degrees N. E. t>f 
it ; Deneboloy in the tail, is in the E., about 28 
degrees high; and S in this constellation is 10 de* 
grees above Denebbla. 

Alphard, the Hydra's He^rt, forms, with Cor 
Leonis and Procyon, a large triangle. 

The two small stars E. by N. are in the hind- 
foot of the Great Bear (Plate IV.), about 42 de- 
grees high : two others are in the upper hind-foot, 
about 14 degrees above the two former. 

Nearly N. E. are the seven stars in the Great 
Bear, known by the name of Charles's Wain : the 
lowest, called Benetnasch, is at the tip of the 
tail, about 25 degrees high; Duhhe, the north- 
ernmost, an4 one of the pointers, is 50 degrees 
high. 

CoR Caroli (Plate III.) is 27 degrees above the 
horizon, N. E. by E. 

Berenice's Hair (Plate VIII.) is very conspi- 
cuous, between Denebola and Cor Caroli. 

Etanin, the second star of the Dragon (Plate 
III.), and the third, are N. by E. about 5 degrees 
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high ; the first, or a, is about 80 degrees high, in 
the N. E. by N. 

The YiRoiir (Plate ynL)/i8 partly risen in 
theE. 

Betdguex^ in the right shoulder of Orion (Plate 
YL), about 54 degrees high ; and Rigd^ in his left 
footi about 34 degrees high, are nearly in the S. 
W. Bettatrix, the star in the left shoulder, is about 
49 degrees high. The three stars in the middle 
are called his belt 

Sirius, in the Grbat Dog (Plate XIII.)) about 33 
degrees high, a little W. of the meridian, forms, 
^ith Bellatrix and Procyon, a large triangle. 

The south horn of the Bull (Plate VI.) is about 
62 degrees high, S. W. by S. ; and the northern 
horn is 66 degrees high, W. S. W. Aldebaran^ 
the eye, is 50 degrees high. The Pleiades are 
more to the W., 45 degrees high. 

Capdla, or Mioth, in the Charioteer (Plate 
VI.), is W. N. W., about 68 degrees high ; and the 
second star, of the second magnitude, in the right 
shoulder, is 76 degrees high. 

Menkar, in the Whale (Plate XIL), is about 25 
degrees high, W. by S. 

a, in the northern horn of the Ram (Plate Y.), is 
about 25 degrees high, W. by N. 

Medusa's Head (Plate lY.), is about 45 degrees 
high, nearly W. N. W. 

Alamach, in Andromeda (Plate Y.), is about 84 
degrees high, N. W. by W. ; and below it is «/(£- 
radi9 22 degrees high. 
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The principal stars in Perseus (Plate IV.) are 
above Alamak. 

Cassiopeia (Plate IV.) is nearly N. W. by N. 

Ctei»HEus (Plate III.) laN. by W. 

The body of the Little Bear (Plate III.) is be- 
tween the Dragon alid the Pole-star. 



MARCH. 

Mddk Hf ike Mn/^ ahmU half^peut I^itie e^ehek. 

Alphardf ot Cqr HydfcB, in the WAiPER-SERpfiinp 
(Plate XIV.), is near the meridian, about 42 de- 
grees high. 

, Cor Leonis, or Regtdus, in the Lioir ^late IV.), 
is £i little to the E. of the meridian, about 60 de- 
grees high; and above it are five others in the 
head and mane. One on the back is about 58 de- 
grees high, E. S. E. ; and Dend}ola, in his tail, is a 
little more eastward, 48 degrees high. 

Spica, in the Virqin (Plate VIII.), is nearly S. 

£. by E, about 14 degrees- high. Between Spica 

'and Denebola, in the Lion, are five or six stars in 

the Virgin. Vindemiatrix, in this constellation, is 

ttiore to the E., and about 33 degrees high. 

Arcturus^ in Bootes (Plate VII.), is E. by N., 
about 24 degrees high. 

Spica, Denebola, aiid Arcturus, form a triangle 
almost equilateral. ^ 

Regulus, or Cor Leonis, Cor Caroli, and Vinde- 

G* 
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miatrix, in the Y irgin^ form a triangle, witliin 
which is Bereitice's Hair (Plate VIII). 

Mirachf in Bodtes, is about 23 degrees high, E. 
by N. E. ; and the two stars in his shoulder are a 
little more £. 

The Northern Croww (Plate VII.) is below 
these two stars ; and JlpheccUf the principal star 
in this constellation, is about 13 degrees high. 

Mkalurcps, in the head of Bootes, is nearly N. 
E. by E., about 27 degrees high. 

Benetnasch, the lowest star in the tail of the 
Great Bear (Plate IV.), is about 42 degrees high, 
N. E. by E. ; Mizar about 6 degrees higher, and 
Alioth about 4 degrees higher still. 

The Little Bear (Plate III.) is in a favourable 
position for observation; and between this con- 
stellation and the three stars above-mentioned, in 
the Great Bear, the principal star in the Dragon 
(Plate III.) may be seen in the N. E., 42 degrees 
high. More to the N. and about 30 degrees lower, 
may be seen Etanin and three other stars in the 
head of the Dragon. 

The Cup and the Crow, with the constellation 
of the Water-Serpent (Plate XIV.), occupy a 
large space from S. to S. E. by E. 

Below Bo5tes is seen a part of Hercules (Plate 
VIL). 

Siritis, in the Great Dog (Plate XIII.), about 25 
degrees high, is nearly in the S. W. On each side, 
and at nearly equal distances from it, are two 
stars, one in his foot, the other in the neck. 
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The LiTTi-E Dog (Plate VI.) is more to the S., 
about 26 degrees higher. 

Castor and Pollux, in the Twiws (Plate VI.), are 
about 70 degrees high, W. S. W. The foot of 
Pollux is about 50 degrees high. 

Orion (Plate VI.), occupies the space between 
W. by S., and S. W. by W. Rigel, in the heel, 
is about degrees high; and Betelguex, in the 
shoulder, i^ about 27 degrees high. 

Between Betelguez and Castor and Pollux are 
four stars, forming an imperfect square in the feet 
and knees of the Twins. 

Sirius and Betelgiiex form nearly an equilateral 
triangle with Procyout in the Little Dog. 

The Unicorn (Plate VI.) is between Sirius and 
Procyon. 

Aldebaran, in the Bull (Plate VI.), is due W., 
about 28 degrees high; and the south horn is 
about 41 degrees high: these two stars and Bete}- 
guex form a triangle. The northern horn of the 
Bull is about 17 degrees above Aldebaran. 

Capella, or Alioth, in the Charioteer (Plate 
VL), is about 48 degrees high, W. N. W. 

A^cl, in Medusa's Head (Plate IV.) is about 24 
degrees high, N. W. by W. 

Perseus (Plate IV.) is a few degrees higher. 

Andromeda (Plate V.) and Cassiopeia (Plate 
IV.) are more to the north. 



18 
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APRIL. 

Middle cf the Months about half -past Nine o'clock. 

The Great Bear (Pl^te IV.) is on the meridian,, 
a little N. of the zenith ; the lower star in the tail 
(one of those called Charleses Wain) is about 62 
degrees high. 

Below the hind foot of the Bear, the fourth star 
on the back of the Liow (Plate Villi) is on the 
meridian^ about 73 degrees high. 

Deneb, or Arided, in the Swan, (Plate III.) is 
about 2 degrees high, N. N. E. 

A line drawn from Deneb northwards to the 
Little Bear, will pass through the DRAGonr (Plate 
III.). 

Vega, in the Ltre (Plate VII.), is between N. 
E. and N. E. by E., about 10 degrees high. 

A line carried from Vega towards the body of 
Charleses Wain, will pass nearly by the two 3tars 
in the head of the Dragon ; and, 30 degrees higher, 
the principal star in that constellation is seen. 

Two stars in the E. by N., one about 5 degrees, 
the other about 10 degrees high, are Ras Alhague^s 
in the head of the Serpent-Bearer (Plate IX.) ; 
and Ras Algetki, in the head of Hercules (Plate 
VII.). 

Alphecca, in the Northern Crown (Plate VII.), 
is E. by N., about 36 degrees high. 

E. by S., extending from the horizon to 30 de- 
grees high, is a part of the constellation Serpent 
(Plate IX.). 
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Jrcturus, in Bootes (Plate yil.)» is about 46 
degrees high, E. by S. ; and about 26 degrees 
higher is Charles's Heart (Plate IIL). 

The Scales (Plate IX.) is more to the S., about 
15 degrees above the horizon. 

Spica, in the Virgin (Plate VIII.) , is in the S. 
£. by S., about 32 degrees high; and, 23 degrees 
higher, is Vindemiatrix, in the arm o£ the same 
constellation. 

Berenice's Hair (Plate VIII.) is about 70 de- 
grees high, a little more to the E. 

The upper part of Cbntaurus (Plate XIV.) is 
just above the horizon, in the S. E. by S. 

Denebola, in the tail of the Lion (Plate VIII.), 
is between S. S. £. and S. by E., about 65 degrees 
high. Cor Leonis, or Regulus, is about 60 degrees 
high, S. S. W. 

A line carried from Denebola to the horizon 
will pass through the head of the Virgin, and 
through the Crow and the Water-Serpent. 

Cor HydrcB (Plate XIV.) is in the same azimuth, 
about 37 degrees high. 

The Little Dog (Plate VI.) is W. S. W. ; and 
the Unicorn (Plate VI.) below him. 

Sirius is a little more to the S., 7 degrees high. 

BetdgueXf in Orion (Plate VI.), is due W., about 
1? degrees high. 

Castor, in the Twins (Plate VI.), is about 47 
degrees high. 

Aldeharan, in the Bull (Plate VI.), is more to 
the N., about 4 degrees high. The northern horn 
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of the Bull is between W. N. W. and W. by N., 
about 21 degrees high. 

Capdla, or Mioth, in the Charioteer (Plate 
VI.), is N. W. by W., 27 degrees high ; and the 
second star in this constellation is about 34 de- 
grees high. 

Algenib^ in Perseus (Plate IV.), is between N. 
W. by N. and N. W., about 13 degrees high. 

Jllgol, in Medusa's Head (Plate IV.)> is about 
7 degrees high. 

Cassiopeia (Plate IV.) is in N. by W. 



MAY." 

Middle of the Months about half -past Nine o'clock. 

Cor Caroli is in the zenith. 

Mizar, the middle star in the tail of the Great 
Bear (Plate IV.), is on the meridian, and 15 de- 
grees N. of the jzenith. 

Spica and Vindemiatrix, in the Virgin (Plate 
VIII.), are near the meridian; the former 40, and 
the latter 62, degrees high. 

Cepheus (Plate III.) is in the N. N. E. Jilde^ 
raminy the principal star in Cepheus, is about 22 
degrees high. A line drawn from Cepheus to- 
wards the zenith, will pass near the Little Bear 
(Plate III.). 

Denehy or Prided, in the Swan (Plate III.), is in 
the N. E., about 13 degrees high. 

Vega, in the Lyre (Plate VII.), is about 30 de- 
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grees high, E. N. E. ; and Mbiero, in the beak of 
the Swan, is about 15 degrees below it. 

The stars in the body of the Dragoit (Plate III.), 
are between Cepheus, the Swan> the Lyre, and 
the Little Bear. The stars in the head of the 
Dragon are N. E. of Vega, and about 40 degrees 
high. 

Ras Mhague, in the SERPEirT-BEiwaBR (Plate 
IX.), is due E., about 27 degrees high ; and Ras 
Algethi, in Heroulbs (Plate VII.), a little more to 
the S., about 32 degrees high. 

The NoRTHERir Crowht (Plate VII.) is about 58 
degrees high, in E. by S. 

The Sbrpeitt (Plate IX.) is more to the S., and 
extends from 50 degrees to the horizon. 

The two stars in the shoulders of Bootes (Plate 
VII.) are nearly in a line, towards the zenith, with 
Gemma, in the Northern Crown. 

The Scales (Plate .IX.) occupy the space from 
S. S. E. to S. E. 

Arcturus, in Bo6tes, is about 66 degrees high, 
S. E. nearly. 

Algenib, in Perseus (Plate IV.), is about 5 de- 
grees high, in N. N. W. 

Capella, in the Charioteer (Plate VI.), is 9 
degrees high, in N. W. by N. ; and the star in his 
shoulder 16 degrees high. 

Dubhe, in the Great Bear (Plate IV.), is a little 
anore N., about 60 degrees high ; and the whole 
of this constellation is now in a favourable position 
for observation. 
13* 
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Castor and Pvlltix, in the Twins (Plate VI.), are 
W. N. W., about 24 degrees high. 

Procyon, in the Little Dog (Plate VI.), is due 
W., about 9 degrees high. The Crab (Plate VI.) 
is above it. 

The Lion (Plate VIII.) occupies the space be- 
tween W. by S. and S. W. by S. Denebola, ia 
the tail, is $0 degrees high; and Cor Leonis, or 
ReguJus, is about 42 degrees high. 

Cor HydrcB, or Mphard (Plate XIV.), is about 
23 degrees below llegulus, and about 20 above 
the horizon. The whole of the Hydra may now 
be seen, extending from the stars in the bead, in 
W. by S. to S. S. E. It occupies nearly a hori- 
zontal line, undqr the Lion and Virgin, of almost 
90 degrees. 

In the intermediate space, three more constella- 
tions are supported on the Hydra, viz. : the Sex- 
tant, under the Lion ; the Cup, under the Lion 
and Virgin ; and the Crow, between the southern 
wing of the Virgin and the tail of the Hydra. 

Berenice's Hair (Plate VIII.) is seen between 
the Virgin and Cor Caroli. 



JUNE. 

Middle of the Months about Ten o^cloek. 

The Little Bear (Plate III.) is on the meri- 
dian ; and Alruccaha, the Pole'SOar, may be easily 
discovered at the end of his tail, the body of the 
Bear being abave the Pole. 
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N. 



The NoRTBERN Crown (Plate VII.) is also on 
the meridian, about 80 degrees high, or 10 degrees 
south of the zenith; and the head of the Serpent 
(Plate IX.) about 10 degrees lower. 

Half-way between the Pole-star and the N. N. 
E. point of the horizon is Cassiopeia (Plate IV.), 
the principal stars of which, five in number, ap- 
pear like an inverted chair. Schedir^ the prin- 
cipal star, is about 13 degrees high. 

Alderamin, in Cbphbus (Plate III.), is in the N. 
£. by Nm about 37 degrees high; and the three 
stars in htfi crown are 10 degrees lower. 

S^J^eat, in Pegasus (Plate Y.), is about 6 degrees 
high. A line drawn from this star to the head of 
Cepheus, will pass through the Lizard (Plate III.). 

Deneb, or Arided, in the Swan (Plate III.), is 
about 36 degrees high, in N. E. by E. 

The stars in the head of the Draqon (Plate III.) 
are in the N. E., 65 degrees high. 

Nearly due E., about 22 degrees high, is the 
DoLPmN (Plate IX.) ; 42 degrees high, is Mbiero, 
in the beak of the Swan^ and, 67 degrees high, 
Vega^ in the Lyre (Plate VIL). 

Atair, in the Eagle (Plate IX.), is 27 degrees 
high, E. by S. nearly. 

Antinous (Plate IX-) is more to the S. ; and the 
three stars in his foot are about 25 degrees high. 

Ras Algethi, in Hercules (Plate VIL), is about 
58 degrees high, and the whole of the constellation 
extends nearly to the zenith. 
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Ras Alhague, in the Serpeitt-Bearer (Plate 
IX.), is 55 degrees high, and the constellation oc- 
cupies the space from S. E. to S. 

Antares, in the Scorpioit (Plate X.), is 22 de- 
grees high, S. by E., below the foot of the Ser- 
pent-Bearer. Antares forms a large triangle, 
with Arcturus and Spica Virginis westward, and 
with Vega eastward. 

PoNiATowsKi's Bull (Plate VII.) is between the 
Eagle and Serpent-Bearer ; Cerberus (Plate VII.) 
is above Poniatowski's Bull ; and the Archer is 
near the horizon, below the Serpent-Bearer. 

Perseus (Plate IV.) is in the N., partly above 
the horizon; and between this constellation and 
the Pole-star is the Cameleopard (Plate IV.). 

Dubhe, in the Great Bear (Plate IV.) is 44 
degrees high, N. W. 

Cor Leonis, in the Liorr (Plate VIIL), is nearly 
due W. 14 degrees high; the hind-foot of the 
Great Bear 32 degrees high ; and Benetnaschj in 
the tail of the Bear, 6S degrees high. 

CoR Caroli (Plate III.) is 60 degrees high, 
nearly W. by N. 

Denebola, in the tail of the Lioir, is 36 degrees 
high. 

Berenice's Hair (Plate VIIL) is 50 degrees 
high, between W. by S. and W. 

The Virgin (Plate VIIL) occupies the space 
from W. S. W. to S. S. W. ; Vindemiatrix is about 
48 degrees high, in S. W. by W. ; and Spica be- 
tween S. W. and S. W. by S. 32 degrees high. 
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Arcturusj in Bootes (Plate VII.), is in the S. W., 
and its altitude is 65 degrees. Alkalurops^ in his 
head, is nearly in the zenith. 

The chief star in the Scales (Plate IX.) is be- 
tween S. S. W. and S. by W. 25 degrees high. 

Below the Scales is the Owl ; and below that is 
the Wolf, in the meridian. N. W. of the Wolf 
is the head of the Centaur. 

The Cup, the Crow, and the tail of the Hydra 
(Plate XIV.), are under the Virgin. 



JULY. 

Middh of the Monlh^ about 7%ree-^uartar$ poii Nine 6* clock. 

The head of the Dragoit (Plate III.) is on the 
meridian, and 12 degrees N. of the zenith. 

A line drawn from Etanin to the N. E. on the 
horizon, will pass Alderamin, in Cepheus (Plate 
III.), 48 degrees high ; the three stars in his head, 
40 degrees high; and by JUiracA, the second star 
in Andromeda (Plate V.), about 16 degrees high. 

Cassiopeia (Plate IV.), whose stars form a W^ 
is N. £. by N. between 20 and 30 degrees high. 

Perseus (Plate V.) is in the N. N. E. ; Algenib, 
in his side, is about 4 degrees high. The third 
star 7 in Perseus is about 9 degrees high. 

Alamak, in the foot of Andromeda, is in the N. 
E. by N., the same altitude as Algenib, in Per- 
seus ; and E. N. E. 12 degrees high, is Mpheratz, 
in the head of Andromeda. 
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Algeniby in Perseus, Alamak, Mirach, and the 
star in the head of Andromeda, form a line nearly 
parallel with the horizon. 

Jllgenib, in the wing of Pegasus (Plate V.), is in 
the horizon E. by N. nearly ; Scheat, 23 ; and Mar- 
kaby E. by N. about 14 degrees high. 

These three stars and Alpheratz, in the head 
of Andromeda, form a large square. 

About 37 degrees high, nearly due E., is seen 
a star in the extremity of the southern wing of 
the Swan (Plate III.) ; and at 54 degrees high, 
Deneb, or Arided. The extremity of the upper 
wing is about 66 degrees high. 

The Lizard (Pl^te IJI.) U between the Swan, 
Cepheus, Andromeda, and Pegasus. 

Enir, in the mouth of Pegasus (Plate V.), is E. 
by S. about 26 degrees high. 

The Dolphin (Plate IX.) is E. S. E. 40 degrees 
high. 

Altair, in the Eagle (Plate IX.), is S. E. and 
S. E. by S. about 45 degrees high. 

Albiero, in the beak of the Swan (Plate IIL), is 
62 degrees high, and Vega, in the Lyre (Plate 
VII.), is due E. about 77 degrees high. 

The Fox and Goose (Plate IX) are between 
Albiero and Altalr. 

The Archer (Plate X.), the Goat (Plate XL), 
and the Water-Nearer (Plate XL), occupy the 
space from S. to E. S. E. 

The two principal stars in the Goat are about 



CALENDAR OF THE dTASS. 155 

22y and tl^e two principal stars in the Wdtei*- 
Bearer about 15 degrees high. 

The Great Bear (Plate IV.) is in the N. W., 
arid a line drawn through the upper Pointer to 
the zenith will pass through the star of Draco 
(Plate III.), which is midway between the two 
principal stars in the square of Ursa Minor, and 
the second in the tail of Ursa Major. 

Charles's Heart (Plate III.) is 41 degrees high, 
W. N. W. 

Denebola, in the Lion (Plate VIII.), is 15 de- 
grees high, W. by N- 

Berenice's Hair (Plate VlII.) is 30 degrees 
high, in the same azimuth. 

FindemiatriXf in the Virgin (Plate VIII.), is 218 
degrees high, nearly due W. ; and Spica, W. S. W. 
16 degrees above the horizon. 

The southern* shoulder of Bo6tes (Plate VII.) 
is due W. 65 degrees high ; the northern nearly 
W. by N. 58 degrees high ; and ^returns about 
47 degrees high. 

The Northern Crown (Plate VII.) is W. S. W. 
nearly 65, degrees high. 

The southern star in the Scales (Plate IX.) is 
25 degrees high, S. W. by S. nearly ; and the 
northern star 34 degrees. 

Antares, or Cor Scorpionis, in the Scorpion 
(Plate X.), is 23 degrees high, S. S. W. 

A line drawn from Antares to the zenith will 
pass through the Serpent-Bearer (Plate IX.), 
and Hercules (Plate VII.), which are a little W. 
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of the meridian. Ras Alhague and Ras Algethi 
are on opposite sides of the meridian, 65 degrees 
high. 



AUGUST. 

Mddle of the Mmth, about Ten o'clock, 

Capdla, in the Chariotber (Plate YL), is be- 
tween N. E. by N. and N. N. E. 3 degrees high. 

Perseus (Plate IV.) is in the N. E. Algol, in 
Medusa's Head, called the second in Perseus, is 
about 12 degrees high. 

Cassiopeia (Plate lY.) is above Perseus, about 
40 degrees high. 

Alamak, in the foot of Andromeda (Plate Y.), is 
22 degrees high, N. E. by E. nearly. Mirach is 
27 degrees high in E. by N. ; and the first star in 
Andromeda, E. by N. about 35 degrees high. 

The two stars in the head of the Ram (Plate Y.) 
are seen below Mirach, about 15 degrees high. 

The Triangles (Plate Y.), and the Fly (Plate 
Y.), are between the Ram and Andromeda. 

The three stars in Pegasus (Plate Y.), which, 
with the one in the head of Andromeda, form a 
square, are in a favourable situation for observa- 
tion. Algenibf the third, is due E. 26 degrees high ; 
Markab, the first, E. S. E. nearly, is 39 degrees 
high ; and ScheaU the second, is due E. 48 degrees 
high. Enir, in the mouth of Pegasus, is about 49 
degrees high, 8. E. 
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A line drawn from S. E. by E. to the zenith, 
M^ill pass some stars in the neck of Pegasus ; and 
at 63 degrees will pass a star in the tip of the 
wing of the Swan (Plate III.) ; and Deneb, or Jri- 
ded, the principal star in that constellation, is 77' 
degrees high, the northern wing being in the 
zenith. 

Scheatf in the leg of the Watsr-Bsarer (Plate 
XI.)) is S. E. about 18 degrees high : about 38 
degrees high is the priitoipal star in this constella- 
tion ; and 37 degrees high, is the second in his left 
shoulder. 

The DoLPHiif (Plate IX.) is 62 degrees high, S. 
S. E. 

The Fox (Plate IX) is about 10 degrees higher. 

The two stars in the Goat (Plate XI.) are S. 
by E. about 35 degrees high. 

Altair, in the Eaole (Plate IX.), is on the meri- 
dian, 59 degrees high; Albiero, in the beak of 
Cygnus (Plate III.), 20 degrees higher. 

Cephsus (Plate IIL) is in the N. E. above Cas- 
siopeia ; and between Pegasus, Andromeda, Cas- 
siopeia, Cepheus, and the Swan, the Lizard 
(Plate III.) is seen, E. N. E. 

The Archer (Plate X) occupies a space be- 
tween S. and S. S. W. Some degrees higher are 
SoBiESKi's Shield and Poniatowski's Bull (Plate 
VII.). 

10 degrees above the horizon, Antares, in the 
Scorpion (Plate X.), is seen S. W. i about 52 de- 
grees high, Ras Algethi, in Hercules (Plate YIII.), 
14 
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and Ras Alhague^ in the SEKF£i>rT-lB%AREtt (Plate 
IX.) ; and about 30 degrees higher, near the ze- 
nith, is Vega, in the Lyre (Plate VII.). 

The second star of the Scales (Plate IX.) is W. 
S. W. 13 degrees high ; above which, more to the 
W., are some stars in the head of the Serpeitt 
(PJate IX.). 

T^he Northern Crowit (Plate VII.) is nearly 
due W. 

ArctiirUs, in BooTtes (Plate VII.), is 20 deg^efes 
high, W. by N. ; 20 degrees higher, the star in the 
right shoulder of Bootes. A line drawn from the 
last s'tar towards the zenith, wiH pkss a little S. 
of the leg of Hercules (Plate VII.) and the stars 
in the head of the DracIow (Plate III.). 

Bereitice'^ Hair (Plate VIH.) is N. W. by W., 
just above the horizoti. 

Charleses Heart (Plate III.) is 18 degrees high, 
in the same azimuth, surrounded by the stars in 
the Hounds. 

Above Charles's Heart is Benetnasch, in the 
tip of the tail of the Great Bear (Plate IV.) ; and 
a little above it, are three stars, near the hand of 
Bootes (Plate VII.). 

The Great Bear is 20 degrees high, N. N. W., 
and Kochdb, one of the guards in the Little Bear 
(Plate 111^9 is 44 degrees high - the Pole star is to 
the E. of it. 
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SEPTEMBER. 

Middle of the Months about Ten o\lotk. 

The Lynx (Plate V.) occupies the space com- 
prehended between N. E. by N. to N. by E., with 
his head 17 degrees above the horizon. 

The Caheleopard (Plate IV.) is above the 
Lynx, extending from N. E. to the Pole. 

CapeHa, in the Charioteer (Plate VII.), is in 
the N. E., 14 degrees high ; and his companion, 
the second in the Charioteer, is a few degrees 
lower, towards t|ie N. 

The north horn of the Bull (Plate VI.) is in the 
N. E. by E., about 4 degrees high. About 30 
degrees higher is seen Algenibf in Persbus (Plate 
IV.); and Cassiopeli (Plate IV.) is still higher, 
and more to the N. 

Mldebaran, in the Bull, is rising, with the Ht- 
ADSS, E. N. E. ; the Pleiades are about 17 degrees 
high, more to the E. 

The foot of Perseus (Plate IV.) is to the N. E. 
of the Pleiades ; and Jlgol, in the Head of Medusa, 
about 10 degrees higher. 

Alamak, in Andromeda, (Plate V.), is E. N. E., 
43 degrees high ; below which are the Triangles 
(Plate v.), the Fly, and the tail of the Ram (Plate 
v.). AinetiSf the northern horn of the Ram, nearly 
due E., is about 33 degrees high. 

Mirach, in Andromeda, is 50 degrees high; the 
Blar in. the hand, towards the zenith, is 63 degrees 

H 
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high. The head of Andromeda is nearly E. by S., 
58 degrees high. 

Menkar, in the Whale (Plate XII.), is about 10 
degrees high, under Arietis. This constellation 
occupies a space from E. to S. E. by S., and nearly 
30 degrees from the horizon. 

Algenih, in Pegasus (Plate V.), is S. E. by E.; 
Scheat, 70 degrees high; and Markab, 58 de- 
grees. 

The four last-mentioned stars form a conspicu- 
ous square. 

Fomalhaut, in the Southern Fish (Plate XI.), is 
about 17 degrees high> S. by E. nearly. 

Scheat, in the Water-Bearer (Plate XI.), is 
more to the E. and higher. The greater part of 
this constellation is on or near the meridian. 

Enir, in the mouth of Pegasus (Plate V.), is on 
the meridian, 60 degrees high ; and, about 20 de- 
grees higher, is the star in the southern wing of 
the Swan (Plate III.). 

The head of Cepbeus (Plate III.) is 20 degrees 
N. of the zenith. 

Two stars in the head of the Goat (Plate XI.) 
are 32 degrees high ; those in his tail are more to 
the & 

The Dolphin (Plate IX.) is in the same azimuth, 
60 degrees high. 

Antinous (Plate IX.) is S. W. by S. The star 
in his knee is 35 degrees high. 

Miair, in the Eaglb (Plate IX.), is 50 degrees 
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highy in the same azimuth ; and the two stars in 
the tail of the Eagle are in the same altitude, S. 
W. byW. 

Below the tail of the Eagle is the Bull of Po- 
NiATOwsKi (Plate VII.) ; above it is Alhiero, in the 
beak of the Swan (Plate III.) ; and almost in the 
zenith is Deneb, or Jrided, in the same constella- 
tion. 

Ras Jlhague, in the head of the Serpent-Bearer 
{Plate IX.), and Ras Algethif in the head of Her- 
cules (Plate VII.), are W. by S., nearly 30 de- 
grees high. 

Vega, in the Ltre (Plate VIL), is a little more 
to the W., 67 degrees high ; above which is the 
northern wing of the Swan (Plate III.). 

The head of the Serpent (Plate IX.), is 12 de- 
grees high, W. by N. ; and at the same elevation, 
more to the N., Mirach, in the girdle of Bootes 
(Plate VII.), is observed. 

Alphecca Gemma, in the Northern Crow^t 
(Plate VII.), is 15 degrees high, between Bootes 
and Hercules ; and rather higher, towards the N., 
are the stars in the shoulders of Bootes. In the 
N.W., 50 degrees high, are the stars in the head 
of the I)ragon (Plate III.). 

Charles's Heart (Plate III.) is 2 degrees high, 

N. W. by N.; and the tail of the Great Bear 

(Plate IV.) is seen some degrees libove it. A line 

drawn from Jlioth, in the tail, to the zenith, will 

14* 
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pass the principal stars in the Dragon and the 
Great Bear. 

The Great Bear (Plate IV.) occupies the lowest 
part of the northern region. 



OCTOBER. 

Middle of the Months about Ten o* clock. 

Castor and Pollux, in the Twins (Plate VI.), are 
just in the horizon, in N. E.; and Orion in the E. 

Capella and its companion, in the Charioteer 
(Plate VI.), are N. E. by E.; the former 32 de- 
grees high, the latter 25. 

The foot of Castor is in the hol'izon, E. N. E. 
The N. horn of the Bull (Plate VI.) is more to 
the E., 23 degrees high ; Perseus (Plate IV.) is 
still higher ; and Cassiopeia (Plate IV.) near the 
meridian, 15 degrees below the zenith. 

Aldeharan, in the Bull (Plate VI.), is 23 de- 
grees high, due E. 

Algol, in the Head of Medusa (Plate IV.), 30 
degrees higher. 

The Pleiades (Plate VI.) are 37 degrees high. 

Menkar, in the mouth of the Whale (Plate 
XII.), about 33 degrees high, E. S. E. nearly. 

Arietis, the northern horn of the Ram (Plate V.), 
is 55 degrees high. 

Between the Ram and the Head of Medusa are 
the Triangles (Plate V.), and the Fly (Plate V.). 

Mirach, in Andromeda (Plate V.), is 73 degrees 
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high. Mpheratz, the head of Andromeda^ is 78 
degrees high, very near the meridian. 

Algenib, in Pegasus (Plate V.), is about 62 de- 
grees high ; Scheat and Markab have just passed 
the meridian. The whole of Pegasus extends from 
S. by E. to S. W. by S. 

Fomalhaut, in the Southern Fish (Plate XI.), is 
S. by W. 

The Water-Bbarer (Plate XL) is S. S. W. ; the 
star in his right shoulder is 44 degrees high, that 
in his left 26. 

The principal stars in the Goat (Plate XI.) are 
20 degrees high, S. W. 

The Dolphin (Plate IX.) is 44 degrees high, W. 
S. W. 

Altair, in the Eagle (Plate IX.), 30 degrees 
high, W. by S. 

The Swan (Plate III.) is nearly due W. AU 
bierOf in its beak, 38 degrees high ; and Deneb, or 
Aridedf 68. 

Fega, in the Lyre (Plate VIL), is nearly in the 
same altitude as Albiero, W. by N. 

Etaniny in the Dragon (Plate III.), 33 degrees 
high,N.W. 

The Great Bear (Plate IV.) is in the lower 
part of the N. 

Ras Algethi, in Hercules (Plate VIL), and Ras 
AlhaguCf in the Serpent-Bearer, are just above 
the horizon, between W. by N. and W. N. W. 
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NOVEMBER. 

jSbout the Middle of the Months at Ten d*elock. 

The Great Bear (Plate IV.) occupies the space 
included between the N. E. and N. Duhhe is N. 
N. E., 18 degrees high. In the same azimuth, 30 
degrees high, are the stars in the head. To the 
N. of N. £. is a star in the fore leg, i^ a line with 
Dubhe: and 14 degrees below it, are two stars in 
the upper hind paw. The fore paws are in the 
N.E. ^ 

The Little Lion (Plate IV.) is below the Great 
Bear, from N. E. to N. E. by N. 

The Cameleopard (Plate IV.) occupies the space 
above the Great Bear to the meridian. 

Castor and Pollux, in the Twins (Plate VI.), are 
E. N. E. ; the first 22 degrees high, the last 18 
degrees high. 

More to the E. and at 45 degrees high, is the 
second star in the shoulder of the Charioteer 
(Plate VI.) ; and a few degrees higher is Capdla, 
or Mioth. 

Nearly due E. are Procyon, in the Little Dog 
(Plate VI.), the feet of the Twins (Plate VI.), the 
Northern horn of the Bull (Plate VI.), and the 
constellation Perseus (Plate IV.). 

Between the Charioteer, the Great Bear, the 
Little LioQ, and the Twins, is the constellation 
Lynx (Plate VIII.). 

Betelguex and Bellatrix, in the shoulders of 
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Orion (Plate Yh), are seen about 36 <)egree0 high» 
E, S. E. JRigel, in the heel, is 22 degrees high, 
S. £. by E. 

The Hyadess in the Bull (Plate VI.), are about 
45 degrees high, and the Pleiades about 59. The 
Hyades rise acronycally in the beginning of this 
month, as do also the Pleiades, which have been 
called the heralds of Winter. 

Two stars in the foot of Fsrseus (Plate IV.) are 
about 65 degrees high ; and Algoh in Mj&dosa's 
Head, is about 75. 

The third star in the Rivbr Po (Plate XII.) is 
S« K by S. 27 degrees high. 

Menkar, in the Whale (Plate XII.), is S* & 
£. ; 50 degrees high, and the constellation extends 
to S.S. W. 

The Ram (Plate V.) is above the Whale ; and 
the stars in the head are nearly on the meridian. 

Alamakf in Androhisida (Plate V.), is. in the 
zenith. 

Mpheratx, in the head of Andromeda (Plate V.), 
is S. W. 60 degrees high ; and the three conspicu- 
ous stars in Pegasus (Plate V.) are below it ; M- 
genib is to the S., Scheat to the W., and Markab^ 
the. lowest, forming a triangle with the two last. 

The Fishes (Plate Y.) are now visible; one 
under Mirach, in Andromeda; the other under 
Markab, in Pegasus. 

The Water-Bearbr (Plate XI.) is S. W. by 
W. ; his water-pot is 25 degrees above the hori- 
zon, and 20 degrees below Markab. 
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Enir, in the mouth of Pegasus (Plate V.)> is 30 
degrees high ; and below it is the Little Horse. 

The DoLPHiir (Plate IX.) is due W. 20 degrees 
high ; and the extremity of the wing of the SwAir 
(Plate III.) is 20 degrees higher. 

The Eagle (Plate IX.) is near the horizon. 

The SwAW is W. N. W. Albiero, in 'the beak, 
is 15 degrees high; the third is 82 degrees high: 
JDeneb, or Aridedy is 37 degrees high; and the 
northern wing extends to N. W. 

VegUy in the I^yrb (Plate VII.), is between N. 
W. by W. and N. W. 12 degrees high. 

Cepheds's shoulders (Plate III.) are 44 and 54 
degrees high. 

Etanin, in the Dragon (Plate III.), is 15 de- 
grees high, N. W. by N. nearly ; and the greater 
part of this constellation is between that star and 
the Little Bear, which is now below the Pole star. 



DECEMBER. 
MMUcf the Mofdh^ about Ten o'eloek. 

The body of the Little Bear (Plate III.) is 
upon the meridian, below the Pole star. A few 
degrees from it, towards the E., is seen the first 
star of the Dragon. 

The tail of the Great Bear (Plate IV.) is N. 
N. E. 

The LiTtLE Liow (Plate IV.) is between E. N. 
E. and N. E. by E. 
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Cor Leonis, or Regulits, in the Lioir (Plate 
VIIL)* is E. by N, about 8 degrees higli; and 
more to the N. and higher, the stars in the head 
and neck are seen ; his paws are due E. 

The head of the Hydra (Plate XIV.) is due E. 
about 15 degrees high. A line drawn from it to 
Castor, in the Twins (Plate VI.), 45 degrees high, ' 
will pass the Crab (Plate VI.). Pollux is a few 
degrees below Castoi^. 

Procyon, in the Little Dog (Plate VI.), is be- 
tween E. S. E. and E. by S. 28 degrees high. A 
line drawn from this star to the zenith will pass 
near the feet of the Twins. Capella, in the Cha- 
rioteer (Plate VI.), is 16 degrees below the 
zenith. 

The Unicork (Plate VL) is below Canis Minor. 

Sirius, in the Great Dog (Plate XIII.), between 
S. E. and S. E. by S. is about 20 degrees high. 
A line drawn from it to the zenith, at 48 degrees 
high, will pass near Betelguex in Orion's shoulder. 

Rigeh in Orion's heel (Plate VL), S. S. E., is 
37 degrees high. 

Th^ Hare (Plate XII.) is below Orion. 

Md^aran, in the Bull (Plat^ VI.), is approach- 
idg the meridian : the Pleiades are on it. 

Perseus (Plate IV.) is in the zenith. 

The River Po (Plate XII.) occupies the south- 
ern region, extending from Orion to the Whale. 

Menkar, in the _Whale (Plate XII.), is nearly 
52 degrees high, S. S. W. nearly ; his tail is S. W. 

A line drawn to the zenith will pass the hjsad of 

H* 
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the Ram (Plate V.) between the Triangles (Plate 
y.) aqd the Fly (Plate V.), and by the Hsad of 
Medusa (Plate IV.). 

Markabi in Peqasus (Plate V.), is nearly due W. 
25 degrees high. 

The head of Andromeda (Plate Y.) is 40 degrees 
high ; Mirach, 61 ; Mamak, 72. 

Cassiopeia (Plate IV.) is between 50 and 60 
degrees, N. W. by W. 

SwAir (Plate III.) is N. W. Deneb, or Arided, 
19 degrees high. 

The head of Cbpheus (Plate III.) is 20 degrees 
higher ; and the whole of this constellation extends 
to the Pole star. 

The greater part of the Dragoit (Plate III.) oc- 
cupies the space from N. N^ W. to the Little 
Bear. 



SEC. 13. 

DESCRIPTIOir or THE PLATES OF THE TELBSOOiPIO 
, APPEARANCE OF THE DOUBLE STARS. 

Fig. 1. a Geminorum or Castor. R. A. 110^ 43', 
Dec. 32° 15'. This double star consists of 
two stars of the 3d and 4th magnitudes, of 
a greenish colour. Through ordinary tele- 
scopes they appear to be in contact, since 
their distance is only 5". , In better tele- 
scopes they appear well diirided.* It has 
been found that these stars revolve round 
each other in a period of 232 years in an 



DESGBIPTION 6F PLATES. 169 

elliptical orbit, whose greater axis is 14", 
and whose eccentricity is 0.8. 

Fig. 2. 7 Virginis. R. A. 188° 15', Dec. 0° 29', 
south. In this pair of stars also, both are 
of the 3d magnitude, and their distance is 
only 2". Thci period of their revolution is 
145 years in an elliptical orbit, of which the 
major axis is 7", and the eccentricity 0.9. 
These two stars appear in good telescopes 
as beautiful objects, sharply defined. Both 
stars are of a light yellowish colour. (See 
page 95.) 

Fig. 3. ^ Ursffi Majoris, or Mizar, the middle star 
in thp tail of the Great Bear. R. A. 199'' 
15', Dec. 55"" 41' ; x>f the 3d and 4th magni- 
tudes; distant 14". Easily divided with 
smaller telescopes. Both (^ greenish white. 

Fig. 4. a Herculis. Jl. A. 256** 30', Dec. 14° 36' ; 
3d and 7th magnitudes; distant 5". The 
greater bright yellow^ and the smaller deep 
blue. 

Fig. 5. 7 Leonis ; 2d and 4th magnitudes ; distant 
2^". The greater gold yellow, the smaller 
greenish purple. The most s'plendid double 
star in the northern hemisphere, both in 
brightness and contrast of colours. 

Fig. 6. 7 Andromeda or Alamak. R. A. 28° 15', 
Dec. 41° 30' ; 3d and 5th magnitudes ; dis- 
tant 10". The greater orange, the smaller 
emerald green. The colours are very dis- 
tinct ; a beautiful object. 
15 
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Fig. 7. /3 Orionis or Rigel. R. A. 76° 30', Dec. 
8° 25'^ south ; 1st and 8th magnitudes ; dis- 
tant 10". Colour yellowish white. 

Fig. 8. 7 Arietis or Mesarthim. R. A. 26^ 0', 
Dec. 18° 27'; both of the 4th magnitude; 
distant 9" ; very white. 

Fig. 9. a Ursse Minoris or Polaris. For the year 
1844, R. A. 15° 45', Dec. 88° 20'; 2d and 
9th magnitudes; distant 18". The greater 
is yellow, the smaller white. 

Fig. 10. A double star, near the head of the south- 
ern Grey-hound. R. A. 181° 48', Dec. 41° 
36'; 5th and 8th magnitudes ; distant 11". 
The greater is a beautiful gold yellow, the 
smaller blue. 

Fig. 11. a Lyrae or Vega. R. A. 277° 46', Dec. 
38° 37'; 1st and 11th magnitudes; distant 
43". 



SEC. 14. 

PORTIONS OF THB HEAVENS RICH IN STARS. 

These are portions in which many stars appear 
to the naked eye, collected in a small space, which 
are not so dense as to be synonymous with clus- 
ters or groups of stars, in the strictest sense of the 
word. 

Fig. 12. The Pleiades or the Seven Stars, called 
also the Clucking-hen, on the neck of the 
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Bull. With unassisted eye^ vfe can distin- 
guish the larger stars of this collection. 

Fig. 13. The Hyades, upon the forehead of the 
Bull, of which the principal stars form a V. 

Fig. 14. The Crib in Cancer, or Prsesepe, visible to 
the naked eye ; but through a telescope, even 
of small magnifying power, a very remarka- 
ble accumulation of many stars upon a space 
of about three-fourths of a degree square : 
midway between 7 aild 6, or Asellus Borealis 
and Asellus Australis. 

Fig. 15. Another accumulation of stars, all large, 
between the ends of the Bull's horns, or be- 
tween 13 and ^ Tauri. The rings represent- 
ed in this figure with three or four small 
crosses, denote separate groups of stars or 
collections of many small and thickly clus- 
tered stars, which can only be recognised 
through very good telescopes, and of which 
an account will be found on the next page. 

Fig. 16. Another still more rich portion, in stars 
encompassing the whole constellation of 
Lyra. 

Pig. 17. This is likevirise a spot, around the star 
Arcturus in Bootes, studded with' many 
small stars. 

Fig. 18. Represents the neighbourhood of the re- 
markable nebula of Orion, abounding in 
small stars. 
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SEC. 15. 
CLUSTERS OF STARS. 

By this name is to be understood a great cluster 
of small stars, collected together upon a very small 
space, "which are invisible to the^ naked eye, and, 
even with ordin^iry telescopes, appear only as a 
light cloud ; but resolvable, with more powerful 
telescopes, into small stars. Those parts of the 
heavens which, even through the most perfect 
telescopes, appear as light clouds, not resolvable 
into stars, are called nebulae. These Tast are con- 
tained in the next plate of this collection. It may 
here be remarked, that the number of these ne- 
bulae, many of which perhaps are nothing else 
than very distant group^s of stars, is very great in 
some parts of the heavens. 

Fig. 19. In the northern wing of the Virgin is a 
space of 10° R. A. and Dec, which contains 
over a hundred such nebulae. The plate 
contains only the largest and most remark- 
able of the groups of stars. 
Fig. 20. A very rich group of stars, between «} and 
s Herculis. R. A. 248*^ 45', Dec, 36^ 48'. 
. It is of an irregular form, scolloped, as it 
were, about the edge; and, although the 
stars of which it is composed appear more 
condensed toward the middle, yet the group 
has no proper nucleus. The number of stars 
in this group which are distinctly visible, 
exceeds a hundred ; but, towards the much 
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brighter middle, they are innumerable. — 
Those which are visible, are nearly all of 
the 9th to the 11th magnitudes. 

Fig. 21. A gorgeous g'roup of stars in Berenice's 
Hair ; the foregoing (Fig. 20) is not unlike it 
in the exterior form. R. A. 196° 0', Dec. 
19^ 4'. Its apparent diameter is from 5 to 
6 minutes, and it contains a truly countless 
multitude of very densely-clustered stars, 
of the 10th to the 12th magnitudes. The 
elder Herschel pronounced this group the 
most gorgeous object which he had ^een in 
the heavens. 

Fig. 22. A large, round, beautiful group in Aqua- 
rius, almost entirely resolvable into stars, 
vfith very good telescopes. R. A. 321*^ 15', 
Dec. V 34', south. Toward the middle it 
appears very bright, and as it were flaming, 
when viewed through the telescope. Ac- 
cording to the younger Herschel's expres- 
sion, it is like a glot^ular heap of gold sand. 
The middle and brightest part of the whole 
is 6" in diameter, an4 is very similar to a 
star of the 6th magnitude. 

Fig* 23. A beautiful and very crowded group of 
stars in Libra, of a spherical form. R. A. 
227*^ 30', Dec. 2° 44'. Its light increases 
towards the middle very rapidly, and there 
the individual stars of which the group con- 
sists, cannot be separated. The diameter 
15* 
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of the \yhole is 2^', and the neighbourhood 
around this group is entirely void of stars. 

Fig. 24. The magnificent group of stars in Capri- 
cornus. R. A. 311° 0', Dec. 13° 13', south. 
It is round, and very brilliant. The stars 
are more crowded towards the centre, but 
with good telescopes can be separated. It 
contains more than a thousand fixed stars. 

Fig. 25. A large, fan-shaped^ out-spread group of 
stars. R. A. 101° 18', Dec. 18° 14'. Towards 
the end, the light increases rapidly, and 
opposite this end the border appears torn 
and badly defined. Length and breadth of 
the whole, about 6'. 

Fig. 26. An elongated group, between a and A in 
the Crab, rounded on one side, and pointed 
upon the other. R. A, 129° 30', Dec. 13° 13'. 
The small, very much crowded stars appear 
as if lying about a light central body, and 
the whole group rests upon a nebulous 
ground. 

Fig. 27. A large, rich group of stars in Ophiuchus. 
R. A. 269° 10', Dec. 23° 50', south. It has 
an elliptical form, and nearly 30' length and 
5' width. Through good telescopes, it is 
resolvable into stars. 

STELLAR NBBULf. 

Under this dame are included the nebulae which 
appear to abound with fixed stars. 
Fig. 28. A beautiful, round nebula, increasing in 
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light towards the middle ; at the centre of 
the nebula there \» a single fixed star. This 
nebula stands south of 13 in the Great Bear. 
R A. 157° 0', Dec. 54° 24'. The diameter 
of the whole nebula is about a minute — that 
. of the round, light nucleus, 15". 

Fig. 29. la Gemini. . R. A. 109° 45', Dec. 21° 15'. 
A round, light nebula of 25" diameter, with 
a star of the 8th magnitude near its centre. 

Fig. 30. A long, bright, elliptical star nebula, in the 
Great Lion. R. A. 168° 33', Dec. 13° 55'. 
From the border toward the centre, the light 
increases very slowly at first; but, nearer 
the centre, it increases very rapidly. In 
the centre itself, the light is quite starlike. 
The apparent length of the nebula is 7', and 
the width 4'. 

Fig. 31. A very small, brilliant star, in a large, irre- 
gular, oval atmosphere, in Berenice's Hair. 
R. A. 190° 30', Dec. 26° 26'. 

Fig. 32. A long, narrow, spindle-shaped nebula, in 
the Great Lion. R. A. 167° 45', Dec. 14° 
32'. In the middle, where it becomes sud- 
denly bright, it appears to have a star. 
Length 15', width 1'. 

Fig. 33. A star of the 9th magnitude, with a light 
nebula attached to it, in the Unicorn. R. 
A. 97° 30', Dec. 8° 53'. The comet-like, 
nebulous tail is about 1' in length. 

Fig. 34. A very long, narrow, spindle-shaped nebu- 
lous streak, iq Berenice's Hair. R. A. 187^ 
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0', Dec. 26^ 56'. In the middle is a star of 
the 9th magnitude. Length 15', width 30". 
Near and parallel to it, stands a smaller ne- 
bula of nearly the same form. 

Fig. 35. A star of the 9th magnitude, with a light, 
fan-like, nebulous tail, in the Unicora. R. 
A. 97^ 28', Dec. 8° 63'. Length and width 
of the tail, nearly 1'. The end of the tail 
appears not to touch the stai^, and the star 
appears faint and ill-defined. 

Fig. 36. A similar fan-shaped nebula in the Great 
Bear, in the extremity of which is a star of 
the 9th magnitude. R. A. 131'' 45, Dec 
54^ 25'. There is also seen a very fine little 
star, clearly glistening through the nebula. 

Fig. 37. A small, faint, elliptical nebula, in the 
Greyhound. R. A. 192° 45'. Dec. 35° 47'. On 
each end of the ellipse is a star of the 8th 
n^agnitude. 

Fig. 38. A long, spindle-shaped nebula in Pegasus. 
R. A. 344° 6', Dec. 11° 25'. Length 2, width 
20". The light regularly increases towards 
the middle.. At each end is a star of the 
9th magnitude ; but one of these is some- 
what out of the axis of the spindle. There 
are also seen, iq the inner part of this nebu- 
la, three very fine little stars. 

Fig. 39. An elliptical nebula in Hydra, very sharp 
at each end. On each end is a small star—* 
one of the 8th, the other of the 11th mag- 
nitude. R. A. 131° 27', Dec. 2° 25', south. 
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Fig. 40. A bright elliptical nebula in Sagittarius. 
R. A. 271° 45', Dec. 19° 66'. In each focus 
of the ellipse is a small star. The major 
axis of the ellipse is 50". 

Fig. 41. A round nebula, containing a triple star, 
in the Wagoner. R. A. 80° 3', Dec. 34° 7'. 
The triple star forms an equilateral triangle, 
vvhose side is 4" in length. The three stars 
are of the 8th, 9th and 10th magnitudes. 
Some observers pronounce the nebula itself 
not round, but an equilateral triangle (Fig. 
42), so that the position and form of the two 
triangles, formed by the nebula and by the 
three stars, bear a striking analogy to each 
other. 

DOUBLE ITEBULA. 

I 

' As we have seen, above, double and multiple 
stars, so now we give double nebulae, which, owing 
to their respective positions, appear, at the first 
glance, to belong to each other. 

Fig. 43. A beautiful double nebula in the Twins. 
R. A. 108° 45', Dec. 29° 50'. The two equal, 
ound nebulae join one another, and both 
increase in light toward their centres, which 
are so bright that they shine almost like 
stars. A similar one stands in R. A. 225° 
0', Dec. 20° 32', in Eodtes. 

Fig. 44. A double nebula in Berenice's Hair. R. 
A. 187° 0', Dec. 12° 8'. Both are round, and 
brighter towards the centres; but one is 
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considerably greater than the other. Their 
apparent diameters are 45" and 60". 

Fig. 45. Two round nebulae, nearly equal in mag- 
nitude, and similar to those in Fig. 43. R. 
A. 178^ 15', Dec. 17° 55', south, they join 
each other, and are much brighter toward 
theif centres. 

Fig. 46. An irregular double nebula, near z Ophiu- 
chi. H. A. 266° 0', Dec. 24° 30', south. In 
both these nebulae, we observe many fine 
stars. 

Fig. 47. Two elliptical nebulas in the Greyhound, 
pointed at their extremites* R. A. 188° 55', 
Dec. 33° 6'. The two ellipses are perpendicu- 
lar to each other, and joined at their extremi- 
ties. The greater is the brighter, and both 
increase in brightness towards the middle. 

HOLLOW NEBULiE. 

Fig. 48. The beautiful annular nebula in Lyra. 
R. A. 281° 45', Dec. 32° 49'. The outer 
diameter of the ring is 6". The interior 
opening is not quite so dark as the outer 
back-ground of the heavens, but appears 
filled by another fainter nebula. The whole 
has the appearance of a veil spread over a 
hoop, or ring. This nebula lies nearly mid- 
way between ^ and y Lyrae. 

Fig. 49. Avery large, elliptical nebula in Perseus, 
with pointed etids. R. A. 33° 0', Dec. 41* 
34'. Its length is 4', and breadth 40". . In 
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the middle we observe an elongated, dark 
space, and, at the ends of this dark space, 
two fine little stars. The whole is perhaps 
a circular nebulous ring, whose plane lies 
very obliquely to the sun or to the earth, so 
thai it appears only in the form of a narrow 
ellipse. The form and position of the ne- 
bula are similar to those of the opening. 

Fig. 50. A three-brapched nebula in Sagittarius. 
R. A. 268° 0', Dec. 23° 1', south. , The ne- 
bula is divided into three branches, and at 
their point of junction there appears to be a 
large opening ; the branches make angles of 
near 120° with each other. The diameter 
of the whole is nearly 7', and in the middle 
stand two large stars^ one of which is a 
beautiful double star. 

Fig* 51. The great nebula in Charles's Oak. R. A. 
159° 0, Dec. 58° 40', near the star i) of the 
Oak. This nebula, invisible in our country, 
has^the form of a club, and we remark many 
stars dispersed in it. The nebula with stars 
seen in th^ figure over the Club, is a part 
of the Milky-way, which is very bright in 
that part of the heavens. 

IRRESOLVABLE AND PLANETARY NEBULJE. 

Most of the nebulae which have been thus far 
mentioned, are, with very good telescopes, resolv- 
able, either entirely or in part^ into stars ; so that 
they appear to us only as very far distant groups 
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of Stars. The following, even when viewed through 
the most perfect telescopes^ preserve their nebu- 
lous appearance. 

Fig. 52. The remarkable and great nebula in An- 
dromeda. R. A. 8° 15', Dec. 40^ 20'. It 
has the form of a very eccentric ellipse with 
pointed ends, of which the major axis is 
nearly 30'. Its light increases towards the 
centre, at first slowly, then rapidly ; still, it 
is not star-like at the centre, but presents a 
peculiar, strongly condensed, nebulous light. 
No part of this nebula is resolvable into 
stars, even with the most powerful tele- 
scopes ; and it is without any trace of the 
scales, or flakes, and waves, which are so 
frequently observed in other nebulse. Yet 
we perceive many stars standing behind, 
and glittering through it. The nebula itself 
can be discerned, as a small cloud, even by 
the unassisted eye. It resembles a comet 
Fig. 53. A nebula in the Whale, similar in form to 
that in Andromeda (Fig. 52.). R. A. 9'' 46', 
Dec. 26° 13', south. A very extensive, long, 
bright, elliptic nebula, which gradually in- 
creases in brightness towards the middle. 
Fig. 54. An irregular nebulous streak nearxCygni, 
in the end of thb western wing of the Swan. 
R. A. 309° 39', Dec. 30° 6'. It forms a very 
long streak, composed of several distinctly 
separated parts. Many portions of it are 
very light. This nebula is milky, vrithout 
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unetenness of colour, and does not appear 
to be starry, although vfe see through it 
some isolated stars, which do not belong to 
it. The border of this nebula is in most 
parts faint. 

Under the name of Planetary Nebulae, are in 
general classed those round, sharply-defined discs, 
which in all parts throughout have the same de- 
gree of light, not increasing in brightness toward 
the centre, as in most of the foregoing examples. 
The surface of the mysterious heavenly bodies of 
this character, is covered with a fine, scaly, flaky 
light. 

Fig. 55. A planetary nebula in Sagittarius. R. A. 
293** 30', Dec. 14° 33', south. A round, dimly 
lighted disc, of 10" diameter. Itis light is 
in all parts the same, but not starry, though 
dusky and dispersed. Near it stand two 
stars of the 11th magnitude, like satellites 
of the nebula." 

Fig. 56. A planetary nebula in the northern hand 
of Andromeda. R. A. 349° 30', Dec. 41° 36. 
A beautiful, though dim, disc of 20" diame- 
ter. Its light is of a pale blueish colour. 
Near it stands a double star, of the 9th and 
10th magnitudes. 

Fig. 57. A planetary, elliptical nebifla in Orion. 
R. A. 83° 15', Dec. 9° 0'. There is a similar 
one in the Fox, which has a diameter of 2"; 
16 
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and four small stars surround it, like so many 
satellites. 
Fig. 58. A large planetary nebula in the Great 
Bear. The disc is generally round, and 
throughout of the same degree of light. 
Diameter, 5'. Though not well defined, the 
light on the border appears suddenly to 
vanish. R. A. 166^ 15', Dec. 55^ 56'. We 
find a similar one in Bootes of extraordinary 
magnitude — R. A. 224^ 4', Dec. 19° 6' — 
whose diameter is full 6'. The greatest ne- 
bula of this kind is in the Swan ; R. A. 302^ 
15', Dec. 30° 2'. It has a diameter of nearly 
15', 

OTHER REMARKABLE NEBULiE. 

Fig. 59. The great and celebrated nebula in the 
sword-hand oC Orion. R. A. 81° 45', Dec. 
5° 30', south ; near the star ^ Qrionis, nearly 
four degrees below the middle of the three 
> stars S, 6 and ^, lying in a right line, which 
are known by the name of Jacob's Staff. 
This, from its magnitude and beauty, and 
from the wonderful variety of its light, is 
the most remarkable of all the nebul®. One 
part of it is uncommonly bright, another 
cloudy and dim, and a third portion is quite 
dark, even to blackness. The dark parts 
are sharply divided from the bright ones. 
The many stars standing in this nebula 
shine very brightly, and appear to have a 
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remarkable covering. The appearance of 
the whole may be compared to the open 
mouth of an animal. 

Fig. 60. Likewise a very remarkable nebula in the 
constellation of the Fox. R. A. 298'' 0', 
Dec. 22** 17'. It is generally elliptical in 
form, and near the extremities of the trans- 
verse axis, has two round spots, which are 
remarkable for their bright, uniform light ; 
whilst the other parts of the nebula faintly 
glimmer with a dusky light. The major 
axis of the ellipse is 8', and the circular 
spots are 3' in diameter. The light of this 
body is milky, and not resolvable; but four 
stars of the 9th to the 11th magnitudes are 
seen in it, which apparently do not belong 
to the nebula, bui only shine through it. 

Fig. 61. A very remarkable nebula in the head of 
the Greyhound, six degrees below tne middle 
star \ in the tail of the Great Bear. At the 
centre it has a bright nucleus, which is sur- 
rounded at some distance from the border 
by a wide, light ring. Between this ring 
and the nucleus, lies a darker concentric 
ring. The diameter of the whole is 4^'. In 
one place the outer light ring is divided 
about one-third of the way round, so that 
it appears double for that distance. R. A. 
287° 37', Dec. 48° 6'. Near this stands a 
small round nebula, like a satellite. 
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Fig. 62. The Magellanic Clouds, which are also 
called the Cap-doitds and the Coafi^sacks, 
are three dark spots in the bright part of 
the Milky-way by the Southern Cross. 
These dark spots, together, occupy a space 
of several degrees square, and they have 
their colour chieflv from the entire absence 
of stars in their neighbourhood. The great 
Magellanic Spot extends from R. A. 185^ 
15', to 196° 15', and from Dec. 61° to 64°, 
south, and lies between the Southern Cross 
and the Bee. The two other small Magel- 
lanic "Spots are near together, in R. A. 160° 
0', and Dec. 62°, south, between the Cross 
and Charles's Oak. In Fig. 62, A is the 
Southern Cross ; and B, B and B, are the 
three Magellanic ,iSpots; and D and D 
are two groups of ^|^rs or bright nebuliBy 
without the Milky-way. 
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PART II. 

SEC. 1. 

GENERAL DESCHIPTION OT THE SOLAR SYSTEM. 

When we observe the heavens with attention* 
we occasionally find bodies which change their 
positions with regard to each other and to the 
fixed stars in their vicinity, being seen sometimes 
on the west, and at others on the east — sometimes 
above, and at others below — a certain fixed star ; 
whilst the geineral configuration of the fixed stars 
composing any constellation in which they may 
happen to be, remains the same from century to 
century. These moving bodies are called planets, 
firom a Greek word signifying wanderers. Thqir 
motions, to an observer at the earth, appear, in 
many instances, exceedingly irregular, sometimes 
eastward, and at others westward ; and at times, 
also, they appear to be stationary. 

Ten^ bodies of this description have been disco- 
vered in the heavens. Five of these have been 
known in all ages; their names are Mercury, 
Venus, Mars, Jupiter and Saturn. . The other 
five are hardly visible to the naked eye, and were 
unknown to the ancients. They have been disco- 
vered within the last seventy years, and their 
names are Vesta, Juno, Ceres^ Pallas and, Ura- 
nds. Besides these ten bodies, which, together 
16* (185) 
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with the Earth, are called primary planets, the 
telescope has revealed to us four smaller bodies 
revolving around Jupiter, seven around Saturn, 
and six around Uranus; these, with our own 
moon, are denominated secondary planets. They 
are also called moons, or satellites. These thirty 
bodies, viz., the sun, the eleven primaries, and the 
eighteen secondaries, compose what is called the 
planetary, or solar system. 



SEC. 2. 

THE PTOLEMAIC SYSTEM. 

It was a long time before the true magnitudes 
and real motions of these bodies were ascertained. 
The ancients generally supposed the earth to be 
perfectly stationary in the centre of the universe, 
with the sun» moon and planets revolving about it 
in several nearly concentric heavens, or spheres, 
in the following order : the first, or lowest sphere, 
was that of the Moon, beyond which were those 
of Mercury, Venus, the Sun, Mars, Jupiter and 
Saturn — ^these being all within the sphere of the 
fixed stars. They found it a very difficult matter 
to reconcile the annual and daily motions of the 
sun, which are directly contrary to each other; 
and still more diflSicult to account for the particu- 
lar course which each planet appeared to pursue. 
It required great ingenuity to invent machinery 
which would satisfactorily explain all the irregula- 
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rities observed m the motions of the heavenly 
bodies. Solid spheres, cycloids, epicycloids, con- 
centric and eccentric ci/cles, and a variety of 
pther celestial machinery, were employed; but 
without success. Thev never could account for 
the motions of Mercury and Venus, and the dif- 
ferent apparent magnitudes of the planets at dif- 
ferent times, without admitting a motion of the 
earth. 

The foregoing system is called the Ptolemaic 
System, from Ptolemy, an Egyptian astronomer, 
who first gave a full explanation of its details. It 
was generally received by the Greek philosophers, 
except Pythagoras and his followers, who main- 
tained the motion of the earth, and are supposed 
to have derived this knowledge from the aqcient 
Egyptians. The Ptolemaic system held full sway 
over the minds of men, from the tFme of its author 
till near the middle of the sixteenth century. 



i=x: 



SEC. 3. 

' THB GOPERNICAN STSTEM. 

This system, now known to be the only true 
one, was first promulgated about the middle of the 
sixteenth century. Its author, Nicolaus Coperni- 
cus, was a native of Thorn, in Prussia. His system 
at first met with much opposition, but was soon 
admitted to be the true hypothesis by the learned 
throughout Europe. In this system, the sun is 
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considered as placed near the centre ; and around 
this central luminary, the planets revolve in the 
following order of distances: Mercury, Venus, 
the Earth, Mars, Vesta, Juno, Ceres, Pallas, Ju- 
piter, Saturn and Uranus. 

It is now proved beyond all question that the 
earth is a planetary body, of a form very nearly 
spherical, revolving about its axis once every 
twenty-four hours, and about the sun once every 
year. 

In the earliest ages, the general opinion was 
that the earth ivas a vast extended pkne; but astro- 
nomy had not made much progress before it was 
observed that the moon was frequently eclipsed 
by the earth^s shadow, ^nd that the form of this 
shadow, as seen upon the nK>on's disc, is always 
circular ; from which it necessarily followed that 
the earth, which casts the shadow, must be sphe- 
rical, sinc6 nothing but a sphere could in all posi- 
tions cast a circdlar shadow. 

When an eclipse of the moon happens, it is 
observed earliest by those who live farthest west ; 
which would not be the case if the earth were a 
plane, since all would then see it at the same 
instant ; nor could the inhabitants of one part pf 
the earth enjoy the light of the sun, while those 
of another part were deprived of it. 

The rotundity of the earth in an easterly and 
westerly direction, is demonstrated by its having 
been several times circumnavigated* or sailed 
around, in that direction. These voyages might 
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have been performed in one direction, if the earth 
had been of a cylindrical form ; but such cannot 
be the case ; for, when a ship, in any part of the 
world, departs from the coast in any direction, the 
persons on board first lose sight of those objects 
near the levd of the sea, then of the more elevated 
portions of the coast, and lastly of the high towers 
and mountains. In sailing northward, the stars 
in the northern part of the heavens will become 
more elevated ; whilst those in the south will gra- 
dually approach the horizon, and become invisi- 
ble. These al*guments clearly prove that the 
general figure of the earth is spherical ; but, as 
will be seen hereafter, it deviates a little from a 
perfect sphere, being slightly, compressed or flat- 
tened at the poles. 

It has already been shown, in the first part of 
this work, that the aspect of the heavens at every 
instant, as referred to the horizon of a spectator 
upon the surface of the earth, will be the same, 
whether the earth remains at rest, while all the 
heavenly bodies revolve about it oqce in twenty- 
four hours; or whether the spectator is carried 
about in the opposite direction, aiid in the same 
space of time, by a revolution of the earth. If 
the former supposition were correct, the near- 
est filed star whose distance 4s now known, 
would have to move with the inconceivable ve- 
locity of more than three thousand millions 
of miles per secondf which is fifteen thousand 
times the velocity of light, and more than three 
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thousand millions of times greater thad that 
of a cannon-ball. The improbability, if not the 
impossibility, of such a rate of motion, is a suffi- 
cient argument against tjbe supposition of the 
rotation of the stars a:bout the earth ; and as there 
is no other alternative, we niust admit the diurnal 
Tevolution of the earth to be the cause of the ap- 
parent diurnal motion of the heavens. 

All the planets seem to have a motion some- 
times direct— thsit is, from west to east ; sometimes 
retrograde — that is, from east to wedt,; and, at 
other times, they appear for a short period to be 
stationary in the heavens, or to have no motion at 
all. These appearanceis cannot be supposed to be 
the real motions of the planets ; and they can only 
be explained by the hypothesis of Copernicus, that 
the earth, in common with all the other planets, 
revolves around the sun: they are the necessary 
consequences of this system. 



SEC. 4. 

Tlanets are opaque bodies, similar to our earth, 
which move round the sun in certain periods of 
time. They shine not by their own light, but by 
the reflection of the light which they receive from 
the sun. The planets are distinguished intojpn- 
tnary and secondary. 
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The Primary Planets regard the sun as their 
centre of motion. There are 11 primary planets, 
distinguished by the following characters and 
names, viz.: 5 Mercury, 9 Venus, © the Earth, 
cT Mars, fi Vesta, Juno, 5 Ceres, $ Pallas, 
n\ Jupiter, h Saturn, and M Uranus. 

The Secondary Planets, satellites, or moons, ' 
regard the primary planets as their centres of mo- 
tion : thus the moon revolves round the earth, the 
satellites of Jupiter move round Jupiter, &c. 
There are 18 secondary planets. The earth has 
one satellite, Jupiter /owr, Saturn seven, and Ura- 
nus six. 

The Orbii* of a planet is the imaginary path it 
describes round the sun. The earth's orbit is in 
the plane of the ecliptic. 

The ZdQiAc is an imaginary belt surrounding the 
heavens^ extending 8^ on each side of the ecliptic. 
It is divided into, 19 signs of 30° each, which are 
reckoned from the vernal equinox eastward. 

Nodes are the two opposite points where the 
orl^t of a planet seems to intersect the ecliptic. 
That where the planet appears to ascend from the 
south to the north side of the ecliptic, is called the 
ascending, ^r north node, and is marked thus Q; 
and the opposite point, where the planet appears to 
descend from the north to the south, is called the 
descending, or south node, and is marked t3. ~ 

Aspect of the stars or planets is their situation 
with respect to each other. The aspects are: 
6 Conjunction, when they are in the same sign and 

I* 
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degree ; d Qmrtiley when they are three signs, or 
a fourth part of a circle apart ; 8 Opposition^ when 
they are six signs, or half a circle, from each other. 

The conjunction and opposition (particularly of 
the moon) are called the Syzygies ; and the quar- 
tile aspect, the Quadratures. , 

Direct. A planet's motion is said to be direct 
when it appears (to a spectator on the earth) to go 
forward in the zodiac, according to the order of 
the signs. 

Stationary. A planet is said to be stationary, 
when (to an observer on the earth) it appears for 
some time in the same point of the heavens. 

Retrograde. A planet is said to retrograde, 
when it apparently goes, backward, or contrary to 
the order of the signs. 

Digit, the twelfth part of the sun or moon's 
apparent diameter. 

Disc, the face of the sun or inoon,or 9f a planet, 
such as they appear to a spectator on the earth ; for, 
though the sun, moon and planets are really sphe- 
rical bodies, they appear to be circular planes. 

Geocentric latitudes and longitudes of the pla« 
nets, are their latitudes and longitudes as seen 
from the earth. 

Heliocentric latitudes and longitudes of the 
planets, are their latitudes and longitudes as they 
would appear to a spectator situated in the sun. 

Apogee, or Apogaeum, is that point in the orbit 
of a planet, the moon, &c., which is farthest firom 
the earth. 
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Pi^RiGKE>or Perigseum, is that point in the orbit 
of a planet» the moon> &Cy which is nearest to the 
earth. 

Aphelion, or Aphelium, is that point in the 
orbit of the earth, or of any other planet, which^ 
is farthest from the sun. This point is called the 
higher Apsis. 

Perihelion, or Perihelium, is that point in the 
orbit of the earth, or of any other planet, which 
is nearest to the sun. This point is called the 
lower Apsis. 

Line of the Apsides is a straight line joining 
the higher and lower apsides of a planet, viz. : a 
line joining the Apbelium and Perihelium. 

Eccentricity of the orbit of any planet is the 
distance between the sun and the centre of the 
planet's orbit. 

OccuLTATioN IS the obscuration or gliding from 
our sight any star or planet, by the interposition 
of the body of the mooo, or of some other planet. 

Transit is the apparent passage of any planet 
over the face of the sun, or over the face of an- 
other planet. Mercury and Venus, in their tran- 
sits over the sun's disc, appear like dark specks. 

Eclipse or the Sun is a partial or complete 
occultation of part of the ..face of the sun, occa^ 
sioned by an interposition of the moon between 
the earth and the sun; consequently, all eclipses 
of the sun happen at the time of new moon. 

Eclipse or the Moon is a partial or complete 
17 
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privatiop of the light of the moon, occasioned by 
an interposition of the earth between the sun and 
the moon ; consequently, all eclipses of the moon 
happen at full moon. 

Elongatiopt of a planet is the angle formed by 
two lines drawn from the earth, the one to the 
sun, and the other to the planet. 

Diurnal Arc is the arc described by the sun, 
moon, or stars, from their rising to their setting. 
The sun's semi-diurnal arc is the arc described in 
half the length of the day. 

Nocturnal Arc is the arc described by the sun, 
moon, or stars, from their setting to their rising. 

The Elements of the orbit of a planet are six in 
number, viz. : 

1. The time of passing the perihelion or aphe* 
lion, or the mean longitude for a particular date. 

2. The mean distance or semi*major axis, or the 
daily siderial motion. 

3. The eccentricity. 

4. The longitude of the perihelion or aphelion. 

5. The longitude of the ascending node. 

6. The inclination of the plane of the orbif to 
the plane of the ecliptic. If this is considered to 
be always less than 90°, it must also be stated 
whether the motion is direct or retrograde. 
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SEC. 5. 

K£ plea's laws. 

First Law. 

Kepler ascertained, by direct observation, that 
the planets all describe ellipses round the sun, the 
latter being situated, not in the centre, but in one 
of the /oct of the, curve; and it has since been 
found that several comets move in ellipses : it is 
highly probable that they all describe paths of the 
same kind around the sun, although they are so 
much elongated as not to be distinguishable from 
the parabola, by observations upon them, during 
the short time they remain v^ithin the reach of our 
telescopes, which is at most but a few months ; 
while many of them require thousands of years to 
complete a revolution. 

Defihitioit. — ^The ellipse is a curve, of an oval 
or elongated form, all points of which lie in the 
same plane. The longest diameter of an ellipse 
is called the major, or transverse aocis ; it divides 
the curve into two equal parts. The foci are two 
points in the transverse axis, equally distant from 
the centre ; if from any point of the curve two 
lines be drawn to the two foci, their sum will be 
equal to the transverse axis. Since the sun is in 
one of the foci of the elliptical orbit of a planet, 
the latter will at different times be at unequal 
distances from the sun. The line joining the cen- 
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tres of the san and planet, at any time, is called 

the radius vector. 

This law was discovered by Kepler, by hU observations of 
the or^it of Mars, which, fortunately for science, is the most ec- 
centric of all the orbits of the planets then known, except Mer- 
cury. This law has been, since Kepler's time, farther gene- 
ralized ; and, instead of an ellipse, it has been found that the 
orbit of one body round another central body, may be any 
conic section having the central body in its focus. The two 
bodies may be either the sun and a planet, or the sun and a 
comet, or a planet and its satellite. 

By a eonie udion is meant the curve formed by the outline 
of the section of a com. If this section is made perpendicu- 
larly to the axis of the cone, the curve will be a circle. If 
the plane of the section be slightly inclined to the axis, the 
curve becomes an ellipse having two foci equidistant from the 
centre. The distance by which the centre is removed from 
either focus, is called the eccentfieiiy. If the section is made 
parallel to the surface of the cone, the curve never closes, 
except on the side where the section commences. In this 
case, the centre is at an infinite distance, and the curve is 
called a parabola^ which is in reality the same as an ellipse 
with the long axis infinitely great. If the section is still 
more inclined to the axis, the curve is called a hyperMoi 
with the imaginary centre removed in the contrary direction, 
so as to be outside of the point where the section com- 
mences. 

Kepler's Second Law. 

Kepler also discovered that the radius vector 
of a planet describes equal areas in equal times ; 
that is, if radii vectores be drawn from the sun to 
those points of the orbit occupied by the planet at 
any equal intervals of time, the areas of the spaces 
included between any two of these lines which 
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are adjacent to each other, will be equal— although 

the planet m%ves much more rapidly in one part 

of its orbit than in another, the greatest velocity 

being when it is nearest the sun, and the lekst 

when it is most distant The velocity decreases 

as the radius vector increases. 

This property of the orhital motion of the planets may be 
illustrated by a very simple experiment, as follows : Tie a 
small leaden ball to a fine string, and, having whirled it round 
with a moderate velocity in a vertical plane, allow the string 
to coil itself round the finger, held firmly in a horizontal po- 
sition* The ball will then gradually approach the centre of 
motion in a spiral line, and the corresponding increase in its 
angular velocity will show clearly the compensation by which 
equal areas are described in equal times under a constantly 
diminishing distance of the body from the centre of motion. 
If the motion be reversed, and the thread allowed to unwind 
itself, by giving the ball a sudden impulse, the angular mo- 
tion will be at first rapid, but will gradually diminish as the 
distance- of the ball from the centre of motion increases. 

Kepler^s Tliird Law. 

In comparing the distances of the planets from 
the sun, with their periods of revolution, we find 
that, the greater the distance, or the larger the 
orbit, the longer is the time occupied in making a 
revolution. Kepler discovered that the squares 
of the periodic times of any two planets are propor^ 
tiohal to the cubes of their mean distances from the 
sun. Take, for example, the Earth and Mars, 
whose periods are 365.2564 and 686.9796 days, 
and whose distances from the sun are in the pro- 
17* 
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portion of 1 to 1.52369 ; and it will be found that 
(365.2564)'2 : (686.9796f : : (1)^ : (L5S?369f . 

The mass of the earth helh^ far smaller than that of the 
san, the m6on describes a proportionally smaller area round 
it in a moment of time. So, Uranus, Saturn and Jupiter 
haying greater masses than the earth, their satellites make 
greater areas round their primaries, in a moment of time, than 
our moon does round the earth. Still, the third law of Kepler 
prevails in each secondary system. Among the satellites of 
the same system, the squares of the periodical times are always 
as the cubes of their mean distances from the primary of the 
system. 



SEC. 6. 

l^HE NEWTONIAN THEORY OF GRAVITATION. 

^Though Kepler had discovered the three re- 
markable laws that regulate the motions of se- 
condaries round their primaries, and of primaries 
round the sun, still the cause of the prevalence of 
this law was unknown. This discovery was re- 
served for Sir Isaac Newton, and is justly consi- 
dered the greatest discovery ever made by an 
uninspired man. 

Newton found that the force which makes an 
apple fall from a tree to the ground, makes the 
moon revolve round the earth in an elliptic orbit* 
This force, which is called gravity, or the attrac- 
tion of gtavitation, extends its influence, not 
merely from the earth to the nrioon, but to the sun, 
and to the other planets and satellites, and doubt- 
17 
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less to exery star and nebula in the universe. 
This force of gravity of any two particles of mat- 
ter diminishes as the square of their distance from 
each other increases. Two particles of matter so 
close to each other as to form parts of the same 
solid or fluid, exert upon any third particle not in 
contact with them» twice as much force, of attrac- 
tion as one particle could do. And> generally, the 
force of attraction in any system of particles, or 
bodies, increases directly as the number of similar 
attracting particles, or, in other words, as the mass 
of the system, increases. 

There never was a law of such vast importance 
announced in so few words. The simple princi- 
ple, that grainty varies directly as the mass, and 
inversely as the square of the distance, enables us 
to infer H priori all of Kepler's laws. If one of 
several bodies of a system moves round the com- 
mon centre of gravity of that system by virtue of 
this law, it will move in a conic section according 
to the first law; its radius vector will describe 
equal areas in equal times, according to the second 
law; and if we take the time of a complete revo- 
lution of any one of the bodies of the system as 
a unit of time, and its mean distance from the sun 
as the unit of distance, then the time in which any 
body in the system will complete its orbit, will be 
equ^l to the square root of the cube of the mean 
distance of that body. 

Again, if we know the masses of any of the 
secondary systems^ compared with that of the 
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solar system, we can determine the periods of the 
satellites at any supposed distance from the centre 
of gravity of such secondary system. The power 
of causing areas to be described will be directly 
as the masses of the two systems, where the dis- 
tances are the same ; and, for different distances, 
the periods may be ascertained by Kepler's third 
law, as above. 

The Newtonian law of gravity is found to ex- 
tend to most of the stellar systems, and doubtless 
prevails throughout the universe. If this be ad- 
mitted, the masses, mean distances, and periods 
of any one of the stars in a binary or multiple 
stellar system are connected together by such a 
law, that, if any two of them are known, the third 
follows of course. It was in this way that Bessel, 
having found the distance of the stellar system 61 
Cygni, and knowing its period before, was enabled 
to determine the mass of this stellar system, which 
he found to be about two-thirds that of our own. 
In the appendix will be found Msedler's factor for 
the masses of the several stellar systems whose pe- 
riods of revolution are known. When the paral- 
lax of any of these systems is known, this factor 
must be divided by it, and afterwards cubed, 
in order to obtain the mass of the system. The 
research after the parallax and distance of the 
fixed stars on Bessel's plan, is still in its infancy. 
It cannot be doubted that, in the progress of time, 
perhaps in a single century, the distances and 
consequent masses of many of the stellar systems 
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will be ascertained, so as to afiford a classificatfon 
of the fixed stars according to their quantity of 
{natter. If this shall ever be accomplished, and a 
general average is fotind to prevail in the masses 
of stars, as has been shown to be probable, in 
reference to their brightness iand distance asunder, 
then an estimate may be formed of the quantity 
of matter in the universe, or rather in that portion 
of universal space which we are capable of ex- 
pressing by finite symbols. 



SEC. 7. 

T H B s u ir , 

Thecglory of our system, and the agent by which 
the great Creator dispenses light and heat to the 
surrounding planets, was, in the infancy of astro- 
nomy, reckoned among the planets ; but it is now 
numbered among the fixed stars. He appears, 
indeed, bright and large in comparison with them ; 
but this is only because we are so much nearer to 
him ; for a spectator placed as near to any star as 
we are to the sun, would see a body as large and 
bright in that star as the sun appears to us; while 
the sun, on the contrary, viewed from the same dis- 
tance as that of the nearest fixed star from us, would 
assume the appearance of a star, and his attendant 
planets would be invisible. Although we thus 
speak of the nearness of the sun to the earth, it 
must be kept in mind that the expression is used 
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only in a relative sense ; for his distance from the 
earth amounts in round numbers to about 95,000,- 
000 miles; and a cannon-ball, moving at the rate of 
about eight miles in a minute, would occupy more 
than twenty-t\yo years in traversing the interven- 
ing space. In this respect, therefore, the sun is 
at a very great distance from the earth ; but when 
it is known that the distance of the nearest fixed 
star is six hundred thousand times that of the sun, 
and that a cannon-ball, moving at the rate already 
supposed, would not pass thence to the earth in 
less than 1,000,000 years, the sun may well be 
said to be comparatively near. 

The figure of the sun is that of a spheroid, higher 
under the equator than about the poles His dia- 
meter is computed at about 890,000 miles, his cir- 
cumference about 2,700,000 miles, and his bulk up- 
wards of a million of times greater than that of 
our earth. The sun revolves upon its axis from 
east to west once in 25 days 14 hours 8 minutes ; 
the axis being inclined to the ecliptic at an angle 
of 82^ degrees. The north pole of the sun's axis 
is directed nearly towards *k Draconis, and its 
southern pole towards a point midway between a 
and ^ of the Ship. It has also a periodical motion, 
in ifearly a circular direction, round the common 
centre of all the planetary motions, never deviat- 
ing from its position J^y more than twice its dia- 
meter. 

The sun was long believed to be an immense 
globe of fire ; but some phiksophers are of opinion 
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that, like the earth, it is a cold, opaque, and habi' 
table globe, surrounded with a luminous phosphoric 
atmosphere, which diffuses light through the whole 
system. Sir William Herschel supposed that the 
lucid matter of the sun exists in the manner of 
luminous clouds, swimming in his transparent 
atmosphere ; and he considered that there are two 
diflbrent regions of solar clouds, and that the lower 
region consists of clouds less bright than those 
which compose the upper stratum. The removal 
or opening of these clouds, he supposed, exhibits 
the opaque globe of the sun to our view ; and 
hence those dark spots, or macuIcB, which from 
time to time are visible upon his disc. The facu- 
l(Bj or bright spots, as he supposed, are caused by a 
decomposition of the transparent and elastic fluids 
by which the sun is surrounded ; and lucid ap- 
pearances are thus formed of various degrees of 
intensity. By observations of these spots, the 
revolution of the sun upon its axis has been ascer- 
tained. 

Besides the solar spots, the zodiacal light is a 
singular phenomenon which accompanies the sun. 
It begins to be visible, in the fall, a little before 
sunrise, appearing at first like a faint whitish zone 
of light, somewhat resembling the galaxy, or 
milky-way, with its borders ill-defined, and 
scarcely to be distinguished from the twilight, 
which is seen commencing near the horizon. It 
is then but a little elevated, and its figure agrees 
with that of a lens turned edgewise towards us. 
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As it rises above the horizon, it becomes brighter 
and larger, to a certain point ; after which, the 
approach of day renders it gradually less appa- 
rent, till it becomes quite invisible. It appears 
in the west, after sunset, in December and for 
several months afterwards. It is supposed to be 
of a lenticular shape, having the sun near its cen- 
tre, like the nebulous stars occasionally seen in 
telescopes. It is difficult to comprehend how the 
particles of matter composing it (if it be material) 
maintain their position. Perhaps they are in a 
state of revolution round the sun, like the meteors 
which the earth encounters in its yearly motion. 
Professor Olmsted has suggested the idea that the 
periodical meteors of November 12th, 1833, were 
a portion of this zodiacal light. 

The force of gravity at the surface of the sun is 
much greater than with us. A body weighing 1 
pound at the earth's surface, would weigh 28 
pounds 5f ounces at the sun's ; and a heavy body 
near the sun's surface would fall 456.41 feet in 
the first second^f time. The physical power of 
our strongest men would hardly enable them to 
move themselves upon the sun ; for a man here, 
weighing 150 pounds, would there weigh more 
than 4200 pounds. If the sun's surface is inhabit- 
ed, it must be by beings very differently organized 
from those on the earth. 

It must be recollected, that if we could carry 
the same steelyards to the sun, a pound here would 
weigh a pound there, the counterpoise having in- 
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creased its gravity as much as the object weighed. 
A true test would be the elastic force of a spring, 
or coil. 

The sun, in common with the twenty-nine pla- 
nets and secondaries, has a proper motion in 
space, estimated by Struve to be half as great as 
the linear velocity of our earth in its orbit, or 
about eight miles per second, towards the constel- 
lation of Hercules. The point of tendency is in 
R. A. 259°, Dec. 35°, being about a degree north- 
east of the small star u Herculis. This" point 
seems to vary its position slowly in the heavens, 
indicating a change in the tangential direction of 
our system, or, in other words, a curvilinear or 
orbital motion round some centre of attraction at 
present unknown. The proper motions of many 
of the stars were observed by Halley, Lemonnier, 
Cassini and Mayer. The latter suggested the true 
cause of this apparent motion ; but Sir Wm. Her- 
schel first pointed out the true quarter of the hea- 
vens towards which the motion is now directed. 
Argelander has tested this point by all the stars 
known to have a proper motion, and finds a full 
confirmation. Struve, at Pulkovah, has recently 
endeavoured to form an estimate of the quantity 
as well as the direction of this motion. The ura- 
nographical effect of it is to enlarge the relative 
distances of the stars in the constellation of Her- 
cules, and to compress together those which are 
in its antipode. 

Among the ancients, the sun was an object of 
18 
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idolatry, under various names, as Ham or Cham, 
Chemosh, Zamos, Osiris, Vulcan, Sol, Phoebus, 
Apollo, &c. ; and was considered as the god of 
day, the dispenser of light, heat, and fertility, and 
the good principle with which darkness, or evil, 
would wage continued warfare till the final con- 
summation, when light, or goodness, should even- 
tually triumph. His symbol, fire, was maintained 
with the utmost care upon the heathen altars, and 
even participated in the worship paid to him. 

The astronomical sign for the sun O is the peri- 
phery of a circle with a central point, indicative 
of the central situation of the luminary with re- 
spect to the solar system. 



SEC. 8. 

9 MERCURY, 

The first planet in the solar system, and the 
nearest to the sun, performs his revolution about 
that luminary in 87 days 23J- hours, nearly, which 
constitutes the length of his year. His rotation 
upon his axis has been stated at 24 hours 5^ mi- 
nutes, which would constitute the length of his 
day; but as no spots by which to determine it 
have yet been observed upon his face, this is un« 
certain. 

The distance of Mercury from the sun is about 
37,000,000 of miles, and he moves in his orbit at 



the amazing rate of upwards of 95,000 (or, accord- 
ing to some astronomers, 105,000) miles an hour. 
His diameter is about 3,000 miles, or somewhat 
more than one-^third of that of the eartb« Though 
small, Mercury has a bright appearance, with a 

bluish tint. 

The orbits of Mercury and Venus are within 

that of the earth. They are therefore called infe- 
rior planets. The other planets, whose orbits are 
without that of the earth, are Called superior pla- 
nets. The inferior planets can never be in oppo- 
sition ; that is, they can never be in the part of 
the heavens opposite the sun; but will always be 
seen nea»- the sun. They sometimes pass be);ween 
the sun and the earth; this aspect is called their 
inferior conjunction. At other times they will ap- 
pear in the direction of the sun, but beyond him ; 
they are then in their superior comjunction. 

Mercury never departs more than 30° from 
the sun, and can rarely be seen without a telescope. 
When seen in a telescope, he exhibits the various 
phases of the moon, or of Venus (see the drawing 
for Venus), except that he cannot be seen at the 
full, on account of the interposition of the sun at 
that time. 

The following drawing represents the transits 
of Mercury for the rest of the century : 
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When the inferior conjunction occurs at the 
same time that the planet is in one of its nodes, it 
passes over the sun as the moon does in solar 
eclipses. This phenomenon is called a TVannt 
of Mercury. On account of the small relative 
diameter, only a small portion of the sun's dise is 
eclipsed. For a long series of centuries, this 
transit can only happen in the months of May and 
November. It was observed for the first time in 
November, 1631, by Gassendi. The following is 
a list of all the transits of Mercury from 1631 to 



the end of the nineteenth century. Seethe dravy 
ing. 

1631 Nov. 6. 1776 Nov. 2. 

1644 Nov. 8. 1782 Nov. 12. 

1651 Nov. 2. 1786 May 3. 

1661 May 3. 1789 Nov. 5. 

1664 Nov. 4. 1799 May 7. 

1674 May 6. 1802 Nov. 8. 

1677 Nov. 7. 1815 Nov. 11. 

1690 Nov. 9. 1822 Nov. 4. 

1697 Nov. 2. 1832 May 5. 

1707 May 5. 1835 Nov. 7. 

1710 Nov. 6. 1845 May 8. 

1723 Nov. 9. 1848 Nov. 9. 

1736 Nov. 10. 1861 Nov. 11. 

1740 Nov. 2. 1868 Nov. 4. 

1743 Nov. 4. 1878 May 6. 

1753 May 5. 1881 Nov. 7. 

1756 Nov. 6. 1891 May 9. 

1769 No\\ 9. 1894 Nov. 10. 

The phases of this planet prove that it does not 
ghine by any inherent light ; for in that case it 
-would always appear round. 

It is the most dense of all the planets, being 1^ 
times as dense as the earth. Its mass is about 
one eight-hundred-thousandth of that of the sun. 

Owmg to the great eccentricity of the orbit of Mercury, its 
yearof 86| solar days is divided into seasons of very unequal 
length ; but since we have no knowledge respecting the direc- 
tion of its axis, we can have no precise information .concern- 
ing its seasons. Another consequence of this great ecceo- 
18* 
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tricity is, that its days are very unequally lighted : in the peri- 
helion the light from the sun is II times, and in the aphelion 
only 5 times, as intense as with us ; and the apparent diame- 
ter of the sun is in the former case 1*^ 39' 21".3, in the latter 
only 1° 8' 34".0. The day is, moreover, about 15 minutes 
longer when the planet is in its perihelion, than when in its 
aphelion. 

Mercury can never experience an eclipse, nor can there 
ever occur, for it, a transit of another planet over the disc of 
the sun, unless there be a planet yet undiscovered whose orbit 
is within that of Mercury. All the other planets will at cer- 
tain times be in opposition to this one, and the apparent daily 
motion of these and of the fixed stars is nearly as rapid as for 
the earth. Venus appears from Mercury about 12 titnes as 
brilliant, at a maximum, as from the earth ; it may, therefore, 
in some measure, supply the want of a moon. The earth, as 
seen from this planet, is large and brilliant, and our moon 
appears as bright to them as Mars does to us. This last is 
considerably fainter there than here. For the other planets, 
there is no very essential difference whether seen from Mer- 
cury or the earth ; except that, in the former case, all the 
retrograde motions are confined to a much smaller arc, and to 
a shorter time. None of the bodies of the system present to 
it any perceptible phases. 

One pound at the earth, has the weight of 9j 
ounces at Mercury ; the fall of a body in the first 
second of time is 9^ feet ; and the length of a pen- 
dulum vibrating seconds is 1.89 feet. These mag- 
nitudes are probably nearly the same for all parts 
of the globe, as no compression has yet been de- 
tected, and the rotation, considered as linear, is 
very slov^r. 

Mercury was considered by the mythologists as 
the messenger of the gods, and was called Heraiesy 
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Hermes Trismegistos, Thoth, Taut, &c. The 
astronomical sign of this planet $ is supposed by 
some to represent the caducens with which the 
heathens furnished Mercury : it consisted of a 
sceptre entwined by two serpents in the form of 
two equal semi-circles, and winged at the top. 



SEC. 9. 

9 VENUS, 

The second planet from the sun, from which 
she is distant somewhat more than 69,000,000 of 
miles, moves at the rate of between 75,000 and 
80,000 miles per hour, and completes her annual 
revolution in 224 days 16f hours, nearly, and her 
diurnal rotation in rather less than 24 hours.* 
Her magnitude is nearly the same as that of the 
earth ; her diameter being about 7630 miles. The 
circumference of her orbit is at least 433,000,000 
of miles. 

Venus is easily distinguished by her silver- white 
appearance, and .by surpassing in brightness all the 
other stars and planets. She is sometimes so bril- 
liant as to be seen in full day by the naked eye. 
This phenomenon arises from her very dense al- 

* Sir Wm. Herschel, after repeated observations, could not 
satisfy himself as to the rotation of Venus on her axis. Bian- 
chini gives it the incredible term of 24 days 8 hours; but 
Cassini reduces it to 23 hours 20 minutes, and Schrceter to 
23 hours 21 minutes. 
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mosphere, which is capable of exhibiting r^ec* 
tions. She has phases, like the moon; and the 
time of her greatest brightness is when she ap- 
pears in the crescent form. At this season she 
presents a more pleasing telescopic view than any 
other of the heavenly bodies. Her surface is di- 
versified with spots ; and by the motion of these 
we* ascertain the time she occupies in revolving 
upon her axis. 

Venus appears much larger at one time than at 
another ; and the great variations of her apparent 
diameter demonstrate her distance from the earth 

to be extremely variable. See the drawing. 

This figure shows .Venus at her inferior conjunction at I as 
a new moon, at her greatest eastern elongation ; as evening 
star at E, as a half-moon of medium size ; at her superior 
conjunction at S, as a small full moon; and at her greatest 
elongation as morning star at W. 

In her seasons, also, she must experience a 
much greater difference than is known upon our 
earth ; for her axis inclines about 75 degrees to the 
plane of her orbit, and at her equator she must 
have two springs, two summers, as many autumns, 
and two winters, in each year. 

This planet is a constant attendant upon the 
sun, from which she never removes more than 48 
degrees, and consequently is never seen at mid- 
night, nor in opposition to that luminary, being 
visible only for three or four hours in the morning 
or evening, according as she is before or after the 
sun. When she rises before the sun, she is seen 
from the earth to the westward of him, and is 
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called the morning ttar ; bat when she sets aAer 
him, she ia eastward of him, and is then an even- 
ing star. Sho m alternately oDe or the other about 
390 days. 

The following drawing shows the appearance 
of Venus when viewed through a very powerful 
tdescope : 



Venus, like Mercury, sometimes paraes over the 
sun's disc, but the transits of Venus occur much 
less frequently than those of Mercury ; they have 
this peculiarity, that the spaces of time between 
the five transits are 8 years, 122 years, 8 years, 
and 105 years, and that they can happen only in 
the months of June and December. The first 
observation of a transit of Venus was made by , 
Horrox in 1639. The following is a list of all the 
transits of Venus which have occurred or will 
occur, from 1689 to the 32d century. 

1630 Dec. 4. 1^3 Dec. 6. 

1761 June 5. 2004 June 7. 

1769 June 3. 2012 June 5. 

1874 Dec. e. 
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The transit of June 5tb, 1761, was not very 
successfully observed. That of June 3d, 1769, 
^as observed by astronomers with great care in 
every part of the globe. Among the most suc- 
cessful, were those of a committee of the American 
Philosophical Society, at the head of whom was 
Rittenhouse. The observations of both transits 
have been reduced with great care by Encke, who 
makes the mean horizontal equatorial parallax of 
the sun 8".578. 

This computation of Encke is generally recog- 
nised by astronomers as constituting the basis of 
the solar system. The distances of the other 
planets are deduced from it by Kepler's third 
lawc 

Venus appears, wheh on the sun, like the draw- 
ing for Mercury, except that she is larger in pro- 
portion to the size of the sun. 

Her year of 230f solar days is divided, for both hemispheres, 
into seasons of nearly equal length, since the eccentricity of 
its orbit is very sm^l. For the same reason, the days are 
all nearly equal in length-; the intensity of the light received 
from the sun is at all times nearly the same, being 1 ^ that 
at the earth ; and the apparent diameter of the sun's disc va- 
ries only from 44' 32".4 to 43' 66M. 

Mercury is the only planet which can, for Venus, make a 
transit over the sun's disc; these phenomena occur much 
oftener there than at the earth, and this planet appears much 
larger at Venus than at the earth. The earth is by far the most 
brilliant star in the evening sky of Venus ; its brilliancy at 
midnight, at the time of its opposition, is 8 times the maxi- 
mum brightness of Venus as seen from the earth. From no 
other body of the system, except our moon, does the earth 
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ilppear^o bright. At Venus our moon outshines Mars, which 
appears less brilliant there than at the earth. Mercury is fcft 
Yenus nearly the same as the latter is for the earth, and it 
presents the same variety of phases. When the earth is in 
quadrature, about | of its disc is illuminated. Observations 
of the eclipses of our moon, and also of her transits over the 
earth's disc, are of great importance at Venus. 

The daily motion of the stars is only a little less rapid than 
for the earth. A pound at the earth weighs 14^ ounces at 
Yenus. Since the magnitudes and masses of these two bo-» 
dies are nearly equal, the velocity of falling bodies wUl be 
nearly the same for both. 

Mercury and Venus are called inferior planets, 
because their orbits are within that of the earth : 
they are the only planets that produce transits ov^r 
the sun's disc as seen from the earth. 

As a goddess, Yenus was extensively worship- 
ped by the heathens, under various names, as 
Ashtaroth, Astarte, Aphrodite, Cotitta, &c. As 
the morning star, she is known by the titles of 
Phosphorus and Lucifer; as the evening star, by 
those of Hesperus and Yesper. Her sign $ among 
astronomers is said to resemble a jkiirror with a 
handle at the bottom. 



SEC. 10. 

THB BARTH, 

Thb next planet in order from the sun, is dis- 
tant from that luminary 96,000,000 of miles. Its 
equatorial diameter is 7935 miles ; its circumfer- 
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ence upwards of 25,000 miles at the equator ; and 
its superficies nearly 199,000,000 of square miles. 
The mass of the earth is jjiVse of the sun's mass. 
Its density is 4 times that of the sun, and 5| times 
that of water. 

The figure of the earth is spherical, except that 
it is a little flattened at the poles, where the diame- 
ter is 36 miles shorter than at the equator. The 
true shape of the earth was long a contested point 
among philosophers : some of the ancients, as Leu- 
cippus, Anaximander, &c., supposed that it had 
the figure of a drum; but the most prevailing 
opinion was, that it consisted of a widely-extended 
plain, of which the visible horizon formed the 
boundary, firmly fixed upon some unknown basis, 
or floating upon an abyss of waters. Of this last 
opinion were not only some of the ancient poets 
and philosophers, but also some of the Christian 
fathers, as Lactantius, St. Augustine, &c. The 
sphd^ical figure of the earth is now, however, ad- 
mitted by all true philosophers and astronomers; 
it is proved by the form of its shadow upon the 
moon at the time of an eclipse ; by the fact of ships 
sailing round it; and by the tops of distant objects 
being visible, as they are approached at sea, long 
before their bottoms can be seen. The flatness of 
the earth at the poles, and its elevation at the equa- 
tor, have been ascertained by experiments with a 
pendulum, and by measurements on the arc of a 
meridian in difierent parts of the world. 

The reyolution of the earth about its axis begets a oentii- 
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fugal force, which acts in opposition to the force of gravity. 
At the equator, the centrifugal force is ^|^ of the force of gra- 
vity. If the velocity with which the earth revolves about its 
axis were just seventeen times as great ^as it actually is, the 
centrifugal force at the equator would be just equal to the 
force of gravity, and bodies at that place would have no 
weight. 

The compressed form of the earth, atid the centrifugal 
force, cause bodies in different latitudes to have different 
weights. A body whose weight at the equator is 1, has at 
the pole a weight of 1.005176. 

A body falls in a vacuum, in the first second of time, at' 
the equator, 16.044 feet; and, at the pole, 16.127 feet. 

The length of a seconds pendulum is 3.2510 feet at the 
iequator, and at the pole it is 3.2681 feet From this it will 
be seeti that a clock, with a seconds pendulum regulated at 
the equator, if transported to olie of the poles would gain 3 
minutes 43 seconds daily. 

The earth has two sensible and two insensible 
motions. The sensible motions are its annual 
revolution round the sun» and its diurnal rotation 
upon its own axis. The annual revolution^ which 
ibrnos its year, and by means of the inclination of 
its poles produces the seasons, is performed in an 
orbit of nearly 598,000,000 miles, in about 365j 
days, moving from west to east at the rate of 
68,000 miles an hour,or nearly 20 miles eachsecond. 
The diurnal I'vtation, which produces alternate 
day and night, is performed upon its own axis 
once in 24 hours ; or, to speak more accurately, in 
23 hours 56 minutes 4 seconds: by which, in ad- 
dition to the orbital motion just noticed, the people 
dwelling on the equator are whirled around at the 
19 
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rate of 1042 miles every hour, and those on the 
parallel of Philadelphia at the rate of 648 miles 
per hour ! 

The insensible motions of the earth arise from 
the precession of the equinoxes, and the decrease 
in the obliquity of the ecliptic ; or, \irhat is the 
same thing, the decrease of inclination of the 
earth's axis. The former is dOjVirV seconds in a 
year ; the latter has been estimated at 47rf^ sec- 
onds in a century. 

DAY AND {TIGHT. 

By the rotation of the earth upon its axis onte 
in 24 hours, the alternation of day and night is 
produced. For, as the earth is spherical, it can 
present but one of its sides to the sun, and the 
other side must in the mean time remain in dark- 
ness. A ball, with a wire passing through its 
centre, on which it may turn freely, will affi>rd an 
easy illustration of this, if held before a candle, or 
lamp : and any point marked upon the ball may 
represent any given place of equal latitude upon 
the globe, which the p6int would occupy upon the 
ball, were it divided into northern and southern 
hemispheres, with their appropriate parallels of 
latitude. 

There are certain phces on the earth, where 
only one day and one night are known in a whole 
year. These are situated at the poles ; and from 
thence to the polar circles, the days and nights are 
of some months' continuance, according to their 
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vicinity to, or distance from, the poles. To un- 
derstand this, it is necessary to advert to the 
inclination of the earth's axis, and to keep in mind 
that the sun is always vertical to some one point, 
and only one at the same time, upon the terres- 
trial globe; from this point its rays reach ninety 
degrees every way, which is the whole extent of 
a hemisphere. When, therefore, the sun is on the 
equator, his rays extend to either pole ; but when 
advanced a certain number of degrees to the north 
of the equator, his rays extend the same number 
of degrees beyond the north pole, but are with- 
drawn in an equal proportion from the south pole. 
When he is vertical to the tropic of Cancer, his 
greatest distance north of the equator, he of course 
shines to the same number of degrees on the other 
side of the north pole — that is, to the arctic circle — 
tvhile the regions of similar latitude in the south 
are left in darkness. While he thus shines over 
the north pole to the arctic circle, no night can be 
experienced there ; and, on the contrary, the re- 
gions on the south, within the antarctic circle, are 
deprived of the benefit of day. Hence it is evident 
that there can be in a year but one day and one 
night at the poles, each half a year in length. 
For, from the moment the sun ascends north of 
the equator, his rays reach over the north pole, 
which he continues to illuminate till he returns to 
the equator ; a period of half a year. 

The reverse of this happens with respect to the 
0outh pole, while the sun is south of the equator, 
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till he reaches the tropic of Capricornus. In both 
cases, the parts between the poles and the polar 
circles will have their days and nights prolonged, 
in proportion to the declination of the sun from 
the equator. 

The inhabitants of the polar regions are not, 
however, in total darkness, even when the sun 
does not actually rise* upon them; for« in the first 
place, his appearance to them is both anticipated 
and retarded, by the power of refraction, much 
longer than to us:. and, in the second place, they 
have a very long twilight, before his rising and 
after his setting; for the twilight begins when 
the sun is within eighteen degrees of the hori- 
zon, and continues till he has sunk to the same 
distance below it; and h^is greatest depression 
is but 23i degrees, or 5^ more than will afford 
them twilight. In addition to this, the moon is 
above the horizon of the poles for a fortnight to- 
gether; for, as she passes monthly through the 
whole ecliptic, which is one half north and the 
other half south of the equator, she must continue 
to shine over one or the other of the poles till she 
returns to the equator. The polar regions have also 
a third benefit, in having their winter full moons 
in the highest altitude, describing nearly the same 
track as their summer sun. 

THE SEASONS. 

Upon the position of the earth's axis towards 
the sun, depends not only the length of days and 
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nights^ but also the variety of the seasons. By 
the inclioation of the axis of the earth, every part 
of the planet is'by turns presented to the siin : and 
in those parts where the sun's rays fall most per- 
pendicularly» it is summer; but vehere they fall in 
the most oblique direction, it is winter. The in- 
termediate periods, betvireen the greatest and least 
obliquity of the sun's rays falling on any place, 
are the seasons of autdmn and spring at that 
placa 

In June, the north pole of the earth mclines to 
the sun, and brings all the northern parts into the 
light ; in these parts, therefore, it is summer. In 
December, when the earth is in the opposite part 
of its orbit, the north pole declines from the sun, 
and the south pole approaches it; and then it is 
summer to the parts south of the equator, and 
winter to the north of it. In March and Septem- 
ber, the sun is perpendicular to the equator ; and 
then there is equal day and night at all places, 
except at the poles, which are the boundary of 
light and darkness. At this season, spring and 
autumn prevail north and south of the equator ; 
but under that line it is high summer. 

These changes are illustrated by the diagram, 
in which A represents the situation of the earth 
at the vernal equinox in March, when the spring 
commences, and the light falls on both poles. C 
shows the summer solstice in June, when the 
north pole is turned 23J° towards the sun. B is 
the autumnal equinox in September, when both 
J9* 
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poles are again illumiDated. D is the winter sol- 
stice in December, when the north pole is again 
in the dark, and the south pole is inclined 23^^ to 
the sun. When it is winter in the northern hemi- 
sphere, it is summer in the southern; and vice 



versl^. 



THE earth's satellite. 

The earth is attended by a secondary planet, or 
satellite, the moon, which reflects upon certain 
portions o^its surface, during the night, the light 
which she receives from the sun ; and in like man- 
ner the earth reflects the light of the sun upon the 
moon during her night. The earth, no doubt, pre- 
sents to the inhabitants of the moon changes 
nearly similar to those which we witness in that 
luminary; only the earth must appear to them 
more than thirteen times as large. When it is 
new moon to our earth, it is full earth to the moon, 
and vice versd, 

the atmospheric. 

The earth is surrounded with a thin fluid sub- 
stance, called the atmosphet^e, by means of which 
the rays of light are reflected, and equally dis- 
persed in all directions. Hence the heavens ap- 
pear bright in the day-time; for, without this 
atmosphere, only that portion would be illumina- 
ted in which the sun shines ; the rest would ap- 
pear as dark as the night, and the stars would be 
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seen ; neither would there be any twilight, but a 
sudden transition from sunshine to the blackest 
darkness at sunset, and from darkness to the blaze 
of a partial day at sunrise. This atmosphere also 
constitutes the air we breathe, without which we 
could not exist ; and in it are produced the va- 
rious phenomena of thunder, lightning, wind, rain, 
snow, meteors, &c. 

This atmosphere is most dense at the surface 
of the earth, and increases in rarefaction as it 
rises, till it becomes unfit to support humai^ life. 
Its precise height is not known, but, by calcula- 
tion, it is found sufficiently dense at the height of 
44 miles to reflect the ravs of the sun, and hence 
to produce twilight. Its weight is immense ; for 
the quantity that presses on a person of moderate 
size is calculated at 32,400 lbs. avoirduf>oiae, or 
nearly 14^ tons; a weight sufficient to crush hkn 
to atoms, were it not counterbalanced by the 
molecular repulsion of the particles of the body, 
and those of the air which is difliised through 
most parts of the human frame ; so that no incon- 
venience is sustained. 

The mass of the atmosphere is a little less than a millionth 
part of the earth's mass. If the atmosphere had the same 
density throughout which it has at the earth's surface, its 
height would be, in round numbers, 261,000 feet. But, since 
the density diminishes as the height above the surface of the 
earth increases, the height of the atmosphere is of course 
greater than that It cannot possibly have a height exceed- 
ing five times the earth's radius ; for at that height the cen- 
trifugal force i^ equal to the force of gravity, and it Would 
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consequently be separated from the upper part of the earth's 
atmosphere, and scattered through space. On that account, 
we presume that it does not reach that height; but that, by 
the extreme cold there, it is hindered from any further expan- 
sion, and is changed into liquid. For every 300 feet of rise 
above the surface of the earth, the heat of the atmosphere 
diminisheis I*' of Fahrenheit 

The atmosphere, like other transparent media, refracts the 
rays of light which pass obliquely through it; and, owing to 
its variable density, these rays of light describe a curved 
line, with the concavity toward tlie earth. For this reason, 
all the heavenly bodies appear to be higher than they really 
are, unless when placed exactly at the zenith. 

The state of the barometer being 29' 5".9 British inches, 
and the temperature 48^.9 Fahrenheit, the refraction in the 
horizon amounts to 36' 7", and at the altitude of 46® to only 
57".5; in the /2enith it is always nothing. 

When the atmosphere is thrown into motion, it 
constitutes mnd, which is warm, cold, or moist, 
according to the temperature of the climates 
where it is generated ; producing heat, frost, or 
rain, as it is more or less imbued with those prin- 
ciples. In the atmosphere, also, the vapours which 
constantly arise from ,the earth are condensed, and 
become clouds ; and these, when they exceed in 
weight that of the atmosphere^ fall in showers. 

The earth is composed of land and water, the 
description of which belongs to geography : suf- 
fice it here to observe, that the water, besides its 
currents, is subject to a diurnal motion, called a 
tide, occasioned by the attractive powers of the 
sun and moon. 

The most certain investigations teach us that 
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the earth's axis is immovable^ ^?v*ith reference to 
the earth itself, and that the equator and the poles 
always occupy the same position upon its surface. 
But the position of the axis in space is constantly 
changing ; in a period of 25»6O0 years, the north 
pole describes a circle about a certain mean place 
of the pole of the ecliptic. The following list of 
north polar stars will serve to give an idea of the 
nature of this motion. 

B.C. 4000, b Draconis, 3d magnitude, 4^ from the pole. 

'* 1700^ a Draconis, 2d "' very near. 

A.D. ^t50, a UrsiB Min., 2d «< 20^ from <« 

« 4200, y Cephei, 3d »* X® 60' " " 

** 6000, ft Cephei, 3d " 49 « " 

A.D. 7500, a Cephei, 3d magnitude, 2° from the pole. 

« 10,200, a Cygni, 1st «« 7° «« " 

« 11,400, B Cygni, 3d «* 9^ " " 

" 13,800, a Lyr», 1st " 6° " " 

From this time, a period of 7800 years elapses, 
during which only stars of the 4th and inferior 
magnitudes ^re near the pole ; and then^ A. D. 
21600 the stajr i Draconis again occupies the same 
position with respect to the pole that it did 4000 
years B. C. 

Our present pole star has held that rank sinqe 
the time of Hipparchus, and will continue to hold 
it till the year 3200. 

The southern polar stars have been, in former 
times, among the brightest stars in the Ship Argo. 
At present there is no star brighter than those of 
the 5th or 6th magnitude near the south pole. 
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2000 years hence, the star /3 of the Little Water- 
Serpent will supply this deficiency. After that 
time this pole passes through a portion of the 
heavens in which there are no bright stars. The 
brilliant star Canopus will be within 8° of the 
south pole when Vega or a Lyrae forms our north 
polar star. 

This change in the position of the axis of the 
heavens is attended vtrith the consequence that 
many constellations now invisible in the United 
States will become visible, and vice versa. For 
example, the constellations of the Crane, the In- 
dian, the Peacock, the Bird of Paradise, the South- 
ern Triangle, and some others, which are at pre- 
sent invisible in the latitude of Philadelphia, will, 
12000 years hence, rise above the horizon of that 
place. And, on the other hand, the Great Dog, 
the Hare, the Dove, and the northern part of the 
Ship Argo, which are now visible here, will then 
have entirely disappeared from our view. 

At that time, also, the equator of the heavens 
will occupy a place among the stars very different 
from its present position. The vernal will then 
be very near where the autumnal equinox is now; 
and the equator will pass through the Band of the 
Fishes, the' Northern Fish, the Smaller Triangle, 
the Head of Medusa, Perseus, the Charioteer 
(very near Capella and ^ in this constellation), 
the Lynx, the Great Lion, the Virgin, the Hydra, 
the Wolf, the Scorpion, the Altar, the Soutbern 
Crown, the Southern Fish, and the Water-Bearer. 
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A second variation is that which the disturbing inflaence of 
the planets causes in the position of the earth's orbit,' the 
effect of which, after a very long period, will be a slight 
change in the seasons and in the length of the days. This 
variation is not sufficient to produce any sensible change in 
the climate at different periods ; and we must look to other 
than astronomical causes to account for the fact that tropical 
plants and animals have been found in higher latitudes. 

DEriNiTioir. — The general statement of the law 
of gravity for the system (see page 198), supposes 
all the bodies combined to constitute one central 
body. This is never the case in reality. The 
separate bodies are continually changing their 
places with reference to that centre ; hence arises 
a variation of the attraction referred to the centre 
of the system. This is called the perturbation, or 
disturbance, of the tnotion of the planet or satel- 
lite. It is usually very small, compared with the 
principal force. 

A third variation is that which takes place in the position 
of the perihelion of th^ earth's orbit. The earth is nearest the 
sun 10 days after thp winter solstice of ^e northern hemi- 
sphere ; 58 years hence this will happen one day later ;. and 
after a period of 10,000 years has elapsed, it will be in its 
perihelion on the longest day of summer. This will exercise 
some influence upon the duration of the seasons. At the 
present time, in the northern hemisphere, the winter is 89, the 
spring is 9'2i, the summer 93|, and the autumn is 90 days 
in length ; 10,000 years hence the wiirter will contain 93 J, 
the spring 89, the summer 89, and the autumn 93} days. 
The intensity of tlje summer heat will be only slightly in- 
creased, and that of the winter cold will be a very little 
greater^ than at present. If the eccentricity of the earth^s 
orbit were as great as that of the orbit of Mars or Mercury, 
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such a change in the place of the perihelion would prodace a 
far greater yariation both in the lengths of the seasons and in 
the intensity of the heat and cold. The eccentricity is about 
^ of the semi-diameter of the earth's orbit, and it is subject 
to a Tery slight yariation only, so that the inhabitants of the 
earth would probably never remark these changes', if it were 
not for the investigations of astronomers. 

The earth was deified among the heathen idola- 
ters, under the various titles of Ge, Terra, Tellus, 
Cybele, Rhea, Vesta, Ceres, Bona Dea, Thea, 
Titaea, <fc(f., and was called the wife of Caelus, or 
Uranus, and the mother of the Titans, the Giants, 
the Cyclops, &c. She was represented as crowned 
with turrets, holding a sceptre in one hand and a 
key in the other, with a tame lion lying at her 
feet. ^ 

The astronomical sign of the earth represents 
the terrestrial globe, with the equator. Some- 
times it is indicated by a globe, surmounted with 
a cross, thus 6* 



SEC. 11. 

GENERAL REMARKS CONCERNING SECONDARIES, MOONS^ 

OR SATELLITES. 

The proximity of the Moon to our earth, about 
which, as a centre, it revolves, enables lis per- 
fectly to explain most of the circumstances attend- 
ing it. But a knowledge of the duration of the 
seasonSy the length of the day, &€., is of little in- 
terest to us compared with that of the character 
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of its surface and other highly important facts 
relating to its position in the universe. We 
know the existence of rugged mountains, their 
forms and heights/ and also the absence of a re- 
fracting and light-absorbing envelope or atmo- 
sphere. This fact being firmly established, ena- 
bles us to .delineate the surface of the mooa with 
precision. 

Some general features of this kind may be sup- 
posed to be common to all the satellites of our 
system: others, on the contrary, depend upon 
some peculiarities, and are, therefore, more or less 
different for each individual. They have much 
in common with their prinxaries: the apparent 
magnitudes of the sun, planets atid comets ; their 
places in th^ heavens, with reference to the fixed 
stars and to each other ; the intensity of the sun's 
light, and the length of the year, are very nearly 
the same for a planet and its satellites ; the eclipses 
are of an opposite character; the conjunctions, 
oppositions, transits, of the inferior planets — in 
short, all the phenomena which depend merely 
upon the position of the body in space — will be 
of the same character for the whole system of a 
planet, as for the primary. 

It is ascertained with certainty for our moon, 
the four satellites of Jupiter, and the most distant 
one of Saturn — and with a high degree of proba- 
bflity for all the other satellites of the solar sys- 
tem — that the times of rotation about their axes 

are equal to the periods of revolution about their 
20 
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primaries. Hence it follows that the length of 
their days will be equal to their synodic periods 
of revolution; and, consequently, they are, with- 
out exception, much longer than the days of the 
primary planets; an extraordinary advantage 
possessed by the satellites, in regard to accurate 
investigations of the heavenly bodies; for the 
slowness of the apparent motion permits not only 
a long-continued, but especially a peaceful and 
undisturbed, observation of theip. 

Another consequence of the equality of their 
periods of revolution and rotation is, that their 
primaries do not partake of the apparent daily 
motion of the other heuvenly bodies; but, for each 
given place on the surface of a satellite, the planet 
occupies a constant mean place in the heavens 
with reference to the horizon and the meridian. 
It fluctuates about this mean place within certain 
limits, whose distance depends upon the inequality 
of the moon's motion, called libration ; the alter- 
nate rising and setting of the whole, or a portion, 
of the primary planet can occur only to a very 
small portion of the satellite — to by far the greater 

part of the latter, the former is either always visi- 
ble or always invisible. 

The primary planet is by far the largest body 
in the firmament, for all its moons ; and appears, 
as seen from each, many times greater than any 
of the other satellites. All parts of the planet 
(with the exception, in some instances, of the polar 
regions) are visible in succession at its moon; 
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whilst the inhabitants of the former never see but 
one sideof the moon, and can therefore know no«. 
thing directly concerning the other side. This is 
another great advantage possessed by the satellites 
over their primaries. 

Finally, eaph primary, as observed from either 
of its satellites, will present the same variety of 
phases that our moon does tons. The period of 
th^se phases is no other than the lunar day, since 
both are equal to that of the synodic revolution. 
To that part pf the moon in the meridian of which 
the primary is situated, one-half of the disc will 
appear illuminated each evening at sunset, or it 
will be in its first quarter ; at each midnight it 
will be in opposition, and will present its full en- 
lightened disc towards the moon ; each morning 
at sunrise jt will be in its last quarter; and at 
mid-day it will be in' conjunction and entirely 
invisible, corresponding with our new moon. 
Bclipses of the sun occur for each satellite much 
oftener, and are larger and of longer duration, 
than for its primary ; and, on the other hand, the 
eclipses of the latter are, for the satellite, merely 
the passages of its own very small shadow over 
the disc of the planet. 

These are the essential features common to all 
the satellites, which lead us to the conclusion that 
they are far better adapted for observations of the 
heavens, than are the primary planets. The lat- 
ter, on the contrary, possess, in some respects, 
advantages over the former : the determination of 

L 
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the orbit of a heavenly body, from observatioiis 
made at one of the primaries, presents fewer theo- 
retical difficulties than if the body were observed 
from a secondary planet ; for, to the difficulty for- 
merly alluded to, occasioned by the motion of the 
planet about the sun, is added that of the motion 
of the satellite about its primary. 

The force of gravity upon the moons of the solar 
system is much less than upon the primary pla- 
nets : the greatest distance through which a body 
falls during the first second, at any of the former, 
is about three feet ; and at some of the satellites 
it is less than one foot ; whilst at the planets, (the 
asteroids excepted), the least distance passed 
through by a falling body during the first second 
is eight feet: 

The ratio of the forces of gravity is the most 
important element for the motions of all bodies ; 
for it determines the measure of the force required 
to produce such motions. In the case of the sun, 
the earth and her moon, this ratio is expressed by 
the numbers 185, 6^ and 1. 



SEC. 12. 

2) THE MOOir. 

Our moon belongs to the class of secondaries, 
or satellites. She receives, like the primary pla- 
nets, her light and beat from the sun. In common 
with her primaryi the earth, she revolves round 
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the sun in -a year. She also revolves around the 
earth, in an elliptical orbit, at the rate of 2290 
miles in an hour, at a mean distance of 238,000 
miles. Such is the orbital velocity \Vhich the joint 
masses of the earth and moon, or tellurian system, 
is capable of impressing upon a body at that dis- 
tance. She completes her revolution round the 
earth iri 29 days 12 hours 44 minutes, nearly. 
This tinie of the moon^s revolution is called a 
synodical month ; but, in consequence of her con- 
joint motion with the earth around the sun, she 
appears to revolve from one point in the heavens 
to the same point again, in about 27 days 7 hours 
43 minutes, v^bich constitutes a siderial or peri- 
odical month. 

Her diameter is about 2159 miles, and her bulk 

» 

about a fiftieth part of that of the earth. Her ap- 
parent motion is that of rising in the east and set- 
ting in the west; but this is owing to the revolu- 
tion of the earth upon its axis. The moon's real 
motion round the earth is from west to east. This 
may be ascertained by remarking, when she is 
near any particular star, she will approach it 
from west to east, then be in conjunction with it, 
and ultimately pass eastward of it. 

The moon accompanies the earth in its annual 
orbit round the sun, and revolves upon her own 
axis towards the west in the same time that she 
goes round the earth ; so that she always presents 
the same face to us, with onlj^ a slight variation, 
. caused by her Jibrations* Hence» in every revo- 
20* 
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lution, a small portion of her face is carried out 
of sight on one side, and an equal portion is 
brought forward on the other. This irregularity, 
which arises from the moon moving about the 
earth towards the east, while her rotation upon 
her aiis is towards the west, amounts to about 7^ 
degrees on each side, and is called her libration in 
longitude. And, in consequence of the moon's 
axis being inclined to the plane of her orbit, some- 
times one of her poles' is inclined towards the earth, 
and sometimes the other; so that we occasionally 
see more or less of her northern and southern polar 
regions : this is called her libration in lattttidle, and 
amounts to about 5^ degrees at each pole. 

From the simultaneous motion of the moon upon 
her axis aqd in her orbit, it is evident that she can 
have but one day and one night in one of our lu- 
nar months; and as she encompasses the earth 
not quite thirteen times during his progress round 
the sun, it is equally manifest that her year is 
somewhat less than thirteen of her days. And as 
her axis is almost perpeqdicular to the plane of 
the ecliptic, she can have little diversity of sea- 
sons, or of length of days. 

The earth, as already remarked, reflects the 
sun's rays upon the moon, in the same manner 
that the moon reflects them to the earth; but, in 
consequence of the coincidence of motion between 
the two bodies, only one half of the moon ever 
receives the reflection of the earth, and that half 
is of course never in total darkness ; for, when 
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tarned from the suDi it is illumiDated by light re- 
flectqid from the earth, in the same manner as we 
are enlightened by a full moon; but the other 
hemisphere of the moon has a fortnight's light and 
a fortnight's darkness, alternately. Hence the 
inhabitants (if any) of one half of the moon never 
see the earth, unless they travel to gratify their 
curiosity ; for virhich purpose those on the meri- 
dian, opposite to the middle of the enlightened 
disc, v^ould have to go more than 1700 miles ; but 
their trouble would be more than coippensated by 
the sight of an illumined body thirteen times the 
size of their own globe, and which would appear 
to them the largest body in the universe. 

The sun and stars rise and set, to the inhabit- 
ants of the moon« in the same manner as they do 
to us. 

PHASES OF THE JfOOIT. 

The moon being, like the other planets, a dark 
or opaque body, enlightened by the sun, can only 
be illuminated on one of her sides at a time ; and 
hence the different appearances, or phases, which 
she presents to our view : for, as the light of the 
moon, visible on the earth, is on that part of her 
body which is turned towards us, we perceive, 
according to her various positions with regard to 
the sun and earth, different degrees of illumina- 
tion. (See the dramng.) Thus she appears at 
first horned, (in the west, just after sunset,) and 
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continues to increase in size till she attains a half 
circle* and ultimately a complete one. She then 
begins to wane ; that part which we first saw is 
withdrawn from our sight; she presents a half 
circle on the contrary side to that in which it 
was before observed ; this decreases to a horned 
streak, and then she disappears. 

The disappearance of the moon takes place 
when she comes to a conjunction with the sun ; 
that is, when she is between that luminary and 
the earth; because her unenlightened side is then 
towards us: this is called the change, or new 
moon. When she is in opposition to the sun — 
that is, when she has proceeded through half her 
orbit — she presents her whole illuminated side to 
the earth, and is then called a full moon : at both 
these seasons, she is said to be in her syzygies. 
When in her quadratures, or a quarter of a circle 
from the sun, she appears half full, because only 
one half of her enlightened side is toward the 
earth ; at these times the moon is said to be in her 
first or last quarter, according as she is advancing 
from or towards her change. Before and after 
her quadrature, she has all the possible variety of 
phases between a thin circular line and a full 
face. {See the drawing of the moon^s phases.) 

When the sun and moon are in opposite parts 
of the heavens — that is, at the time of full moon — 
the latter rises in the east, as the sun sets in the 
west. From the change to the full moon, the illu- 
minated part is towards the west, because the sun 
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is then westward of it ; but, from the full moon to 
the chaoge« the illuminated part is turned to the 
east, the sun being then eastward of it* 

When the moon, at the time of her change, passes 
in a right line between the sun and the earth, her 
shadow is projected upon the latter, and obscures 
the light of the sun, which is called an eclipse of 
that luminary ; and wh^n, at the time of full moon, 
the earth interposes between the sun and the 
moon in a right line, the shadow of the earth is pro- 
jected upon the moon, and a lunar eclipse is the 
consequence. It is therefore only in conjunctions 
of the sun and moon that solar eclipses can occur; 
and lunar eclipses can only happen at the time of 
their opposition, and .then only when the planets 
are in the same plane, or nearly so. Owing to 
the inclination of the moon's orbit to that of the 
earth, eclipses do not take place at every change 
and full of the moon : there may be as many as 
seven, but seldom more than six, eclipses in one 
year ; and very frequently not more than two of 
each luminary. 

The inclination of the ecliptic to the equator 
occasions a peculiar phenomenon of the moon, 
called the harvest moan. This occurs in Septem- 
ber, when the moon for several successive even- 
ings rises about the same time, soon after sunset. 
This is owing to the peculiar ascent of the eclip- 
tic, as may be discovered by turning a celestial 
globe, when some signs will be seen to ascend 
rapidly and obliquely, others slowly and almost 
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perpendicularly: Vihen the full moon is in the 
former, it deviates from its custom of rising each 
evening about forty-nine minutes later than on the 
preceding ; and as this variation takes place about 
the time of hajc^est, and is of considerable use in 
lengthening out the day, it is called the harvest 
moon. 

The full moon, seen through a telescope of 
moderately magnifying power, presents a very 
beautiful sight, diversified with great variety of 
lustre and colour; but the mountains are best 
observed at the time of her increase and de- 
crease. 

In consequence of the absence of an atmosphere 
surrounding our moon, the heavens by day must 
appear there much darker than upon our highest 
mountains: there, dazzling light and nightly 
shades immediately succeed each other without 
the agreeable intervention of a twilight ; and the 
occasional cloudy and obscure days, which upon 
the earth have an influence so salutary, ere en- 
tirely unknown at the moon. Perhaps even the 
brighter stars are there visible in the day time. 
The hemisphere towards the earth is illuminated 
by it fourteen times as brilliantly as our night is 
by the moon : hence, the view of the other hea- 
venly bodies by night must be much more splen- 
did from the other side than from this. For there, 
nothing interrupts the perfect serenity and dark- 
ness of the night The 350 hours of one of these 
clear nights, is a number greater than the nights of 
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a whole year usually afford for observations of the 
heavenly bodies upon the earth's surface. 

The above remarks apply only to ^ of the moon's surface at 
\i'hich the earth is never visible, at the opposite parts of the 
same dimensions it is always visible, and at the intermediate 
seventh part the earth is alternately above and below the 
horizon. The latter portion is a zone of unequal width , 
through the pole^ of the moon ; its width at the poles is 255, 
at the equator 292, and at the parallels of 40^ N. and S. 394 
miles wide; and the middle of this zone is the mean border 
which the moon presents to us. 

The sun appears, when seen from the moon, of about the 
same size as when seen from the earth ; its apparent diameter 
varies from 32' 39".5 to 31' 26".3. The earth, as seen from 
the moon, varies in apparent diameter from 1^ 47^ 48". i to 
2^ 2' 58".8, or nearly 4 times the diameter of the moon as it 
appears to us. 

The difference between the longest and sWrtest days is 
much less for the moon than for the earth, owing to the small 
inclination of the moon's equator to the plane of her orbit. 
At the pole the length of the day is 179 of our days. . The 
(SHU there can never be more than 1^^ above or below the 
Iwrizon ; and since a person, at the pole of the moon, has but 
to elevate himself 2000 feet above the surface to be able to 
see H^ below the horizon, he may by so doing attain perpe^ 
iual sunshine. There are peaks of mountains far higher than 
this, in great numbers, in the neighbourhood of both poles. 
Into many of the valleys and plains in these regions, the sun 
mufer shines ; and the only light they enjoy the ben^t of, is 
tbat which is reflected by the surrounding monntains, which 
constitutes for them a kind of twilight, similar to that which 
is enjoyed by the inhabitants of the deep valleys of Norway. 

The lunar year is the same as ours ; the difference of sea- 
sons is so small as scarcely to be perceptible, for the height 
of the sun only varies 3° from summer to winter. 

L* 
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As at the earth we have eclipses of the sun 
and mooD» so at the moon there will be eclipses 
of the sun and earth, from a similar cause ; and, 
for the most part, at the same times, but generally 
of an opposite kind. The following parallel may 
be drawn between the eclipses which occur at 
corresponding times at the earth and at the moon! 



At the Earth. \ At the Moon. 



A total eclipse of the moon. A toUd eclipse of the tun for 

the whole moon. 



A partial eclipse of the 
moon. 



A Mai eclipse of the 9um for 
a part of the moon ; and 
partial for the remainder. 



Passage of the penumbra 
of the earth over the disc 
of the moon. 



A partial eclipse of the tun. 



A total eclipse of the sun. 



A wry small scarcely Tisible 
eclipse of the earth. 



An annular or partial eclipse 
of the tun. 



Nothing. 



From the above it will be seen that for all our 
lunar eclipses, whether total or partial, a total 
eclipse of the sun is experienced by all or a part 
of the surface of the moon. And, on the olbei 
hand, that there is no such thing as an eclipse of 
the earth of any importance ; scarcely a dOOOfb 
part of the earth's surface can ever be covered by 
the moon's shadow at any one time. 

Besides the eclipses of the sun, the fixed stars 
and planets occupying a zone of about 14^ width, 
will frequently be occulted by the earth. The 
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greatest duration of an occultatibn there is 4 
hours; with us it is only about 70 minutes. 

The earth constitutes a timepiece for the moon. 
The four principal divisions of the day are marked 
by the phases of the earth ; and since it revolves 
about its axis 29^ times during a lunar day, the 
positions of remarkable mountains, seas or islands, 
upon the disc of the earth, might serve to indicate 
much smaller divisions of time. 

DESCRIPTIOHr OF THE SURFACE OF THE MOON. 

The mountains of the nioon differ from those on 
the earth in many respects. Occasionally we see 
high insulated mountains, or peaks, casting a long, 
well-defined shadow on the surface of the moon, 
which affords us the means of a perfect measure- 
ment of their heights. The surface is more vol- 
canic, and the mountains are higher, and the val- 
leys deeper, in proportion to its size, than on the 
earth. Some of the mountains are five miles high, 
and some of the valleys four miles deep. 

There are also extensive mountain ranges on 
the surface of the moon, resembling our Alps, Ap- 
ennin^ and Andes. Some of these ranges are 
four miles high; some of them run in a straight 
line from north-east to south-west, as the range 
called the Apennines. Others are curved. 

Circular ranges of mountains form a peculiar 
feature of the moon's surface, which has no coun- 
terpart on that of the other planets. These cir- 
cular ridges of mountains resemble a prodigious 
21 
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rampart, or wall, surrounding an extensive plain, 
or valley, sometimes forty or fifty miles in circum- 
ference. These plains are sometimes on a level 
with the moon's surface, and are called walled 
plains ; sometimes depressed a mile or two below 
that level. Sometimes several circular valleys 
are formed within one of these large enclosures, or 
principal valleys. 

The name of Newton has been given by M aedler 
to a lunar cavern^ or depression, surrounded by a 
circular range of mountains. This is the deiepest 
cavern in the moon. It has several central and 
parallel chains of mountains, and one peak, rising 
a little above the moon's surface, whose height 
above the bottom of the cavern is four and a half 
miles; being the highest mountain, from its base, 
on the whole surface. It is supposed that there 
is no single mountain, on the earth, high enough, 
above its immediate base, to fill this enormous 
cavity. The name of the great philosopher who 
penetrated deepest into the hidden laws of nature, 
has been very appropriately given to this cavern, 
or pit, which is the deepest depression known in 
the earth or moon. 

There are also numerous crater-formed eleva- 
tions, resembling in shape the cup of an acorn 
These appearances are very similar to the volca- 
noes on the earth, except that the bottom of the 
crater is often below the surface of the moon. 
Around many of these extinct volcanoes, there is 
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an appearance of portiong of lava thrown out at 
difTerent times, in strata overlapping each other. 

There is good reason for believing that the vol- 
canic force of the moon has been for ages extinct. 
Sir William Herschel's authority has often been 
quoted in proof of the existence of active volca- 
noes. The appearances which he noticed still 
present themselves almost every lunation; but 
they are attributed by astronomers, to optical ra- 
ther than physical causes. The remarks of Her- 
schel a(e considered rather as descriptive of the 
appearances, than as an affirmation of the exist- 
ence of active volcanoes. 

Some have supposed that the cause of the pre- 
sent inactivity of the lunar volcanoes, is to be 
found in the smallness of the moon's size, and the 
want of an atmosphere, in consequence of which 
the process of radiation has reduced the tempera- 
ture of its crust too low for this force to prevail. 

The central mountains are situated in the mid- 
dle of the circular plains. They are usually found 
precisely in the centre ; they rise to the height of 
one or two miles, and cast a well-marked shadow 
on the plains below. Sometimes these central 
mountains terminate in several small distinct 
peaks. 

The crater-formed elevations reflect more light 
than any other portion of the moon, and hence the 
ranges of these elevations form at the time of full 
moon a number of streaks or radiations. These 
appear to meet in a large bright spot, surrounded 
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by a faint shade called Tycho. Maps of the 
moon's surface have been made which contain the 
names of several conspicuous objects on the moon's 
surface, to virhich the appellation of seas, lakes, 
gulfs, &CC., has been given, rather from a fancied 
resemblance to such objects, than as indicative of 
their real existence. The names of distinguished 
philosophers and astronomers have also been as- 
signed to many of these objects. 

The heights of some of the principal mountains, 
according to the recent measures of Maedler, are 
as follow : 



Posidonius 


, . 19,830 feet. 


3.76 miles 


Tycho . . 


. . 20,190 


« 


3.83 •* 


Calippus . . 


. . 20,390 


a 


3.86 « 


Casatus . . 


. . 22,810 


t( 


4.32 " 


Newton . < 


. . 23,830 


it 


4.52 « 


Clavius . . 


. • 19,030 


ft 


3.60 " 


Huygens . , 


, . 18,670 


u 


3.54 « 


Blancanus 


, . 18,010 


tt 


3.41 « 


Clavius . . 


. . 18,320 


u 


3.47 •* 


Moretus . . 


, . 18,440 


(C 


3.49 " 



The worship of the moon formed an important 
part of the ancient heathen rites; and she was 
personified under a vast variety of names ; as Isis, 
Astarte, Selene, Luna» Diana, Proserpina, Hecate, 
Cynthia, Phoebe, and numerous others. The as« 
tronomical sign of the moon is a crescent,, S)* or 
the moon in her first quarter. 
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SEC. 13. 

« 

(? M ARSy 

Whose orbit is next beyond that of the earth, is 
the first of the superior planets, and is known in 
the heavens by its red» dusky appearance: the 
latter proceeds either from a very dense atmo* 
sphere, or from the matter of the planet being best 
adapted for reflecting red rays of light. 

The distance of Mars from the sun is somewhat 
more than 145,000,000 of miles, or half as far 
again as that of our earth ; and, moving at the 
rate of about 55,000 miles every hour, be performs 
his annual circuit, from west to east, in about 687 
of our days. The diameter of Mars is only about 
4135 miles, or a little more than half that of the 
earth. His form is spheroidal, his polar and equa- 
torial diameters being as 15 to 16. When in op- 
position to the sun, he appears about five times as 
large as at the time of conjunction; because^ in 
the former case be is much nearer the earth than 
in the latter. It has been supposed that, on ac- 
count of his distance from the sun. Mars cannot 
enjoy more than half the light and heat that the 
earth receives. 

Viewed through a telescope. Mars generally ap- 
pears full ; yet at times he is observed to increase 
and decrease like the moon, but is never horned. 
The plane of his orbit is inclined to the ecliptic 1^ 
51' 4"; and his axis is inclined to the former 61^ 18'. 
21* 
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He has no satellite. His greatest apparent diame- 
ter is 23", his least 3".3^ The mean value is 5".8. 
His volume is 0.140, and his density 0.948, com- 
pared with those of the earth. His mass is 
?.TTi.3 3T ^^^^ ^f ^he sun. A pound here would 
weigh half a pound at Mars. All other circum- 
stances being the same, the amount of light and 
heat at the planet Mars are 0.43 as great as at 
the earth. 

Mars is distinguished from the other planets by 
its reddish light. Spots have been observed which 
do not change their places on the body of the planet. 
The cause of these spots cannot therefore be found 
in an atmosphere surrounding the planet, but must 
be sought for in the diiference of the reflection of 
the sun*s light by differently constituted portions 
of the surface of the planet, in the same manner 
as upon the earth the green plains, the mountains 
covered with woods, the sandy deserts, the snowy 
fields, &c., all reflect the sun's light differently. 

The spots upon the surface of Mars sometimes 
change their colour a little, from which we may 
infer the existence of an atmosphere. The most 
remarkable of these spots is at the south pole. It 
is large, bright, white, circular and well defined, 
the south pole of the planet being at its centre. 
The magnitude of this spot is changeable, being 
smallest when it is summer, and largest when it 
is winter, in the southern hemisphere of the planet. 
For which reason this spot has been called the 
snowy zone of Mars. {See the drawing.) 
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The observations of these spots have iiidicated 
a period of revolution around its axis in 24h. 37m. 
20s., and an inclination of its axis to the ecliptic 
of 63° 9'. 

In its geocentric coarse, Mars, as well as all the other supe- 
rior planets, can attain every possible elongation from the 
san. Since its distance from the sun, as is the case with all 
the other superior planets, is greater than the distance of the 
earth from the sun, there will he no inferior conjunction for 
tills planet. During the opposition, its retrograde geocentric 
motion is at its maximum. 

Mars moves in the retrograde direction- through ah arc 
which varies from 11° 8' to 19° Si/, in a time varying from 
62 days to 81 days. The elongation from the sun at which 
this retrogradation begins and terminates, varies from 129<' ^ 
to 145° 37'. 

The annual period of this planet, occupying 
668f martial days, is divided into four seasons, as 
follows : 

Northerii HemnpiiMe. Southcni Hemiiphera. 

<■ ' ' ■ '^ ■ ' - > < ■ ^ — » 

Spring Autumn . . . 191^ days. 

Summer Winter . . . 181 " 

Autumn Spring . . . 149 J " 

Winter Summer . . . 147 " 

This very great inequality in the length of the seasons, is 
occasioned by the eccentricity of the orbit of Mars, which is 
more than 8 times as great as that of the earth's orbit, or 
about ^V ^^ ^he diameter. The intensity of the solar light 
and heat in the northern summer is to that in the southern as 
20 is to 29. Hence, it follows, that for the northern hemi- 
sphere the summer is, longer with less intense heat, and the 
winter shorter and more mild than for the southern hemi- 
sphere. The surface of Mars may be divided into zones in 
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the same manner as the earth's, the torrid zone extending 28^ 
42^ on each side of the equator; the temperate zones, from 28^ 
42' to 61^ 18^ of latitade ; and the/rigid zones, from the paral-* 
lels of 61° 18' to the poles. The torrid zone, or that portion 
over which the sun will sometimes be in the zenith, occupies 
nearly half the surface of the planet. The inequality of the 
days as well as of the seasons, is much greater for Mars than 
for the earth. The average, or mean length of the day, is 
19h. 19m. 478. 

LonfMtDajr. ShortcitDBjr. 



-^ , , A ^ 



Inlatitade 40° 16h. 14m 8h. 25im. 

" 50 17 54 6 45J 

«< 60 22 10^ 2 29 

In latitade 42)°, the longest day is double; in 52°, it is 
three times, and in 57)°, it is 5 times the shortest day. This 
inequality is occasioned chiefly by the inclination of the equa- 
te to the orbit, but the eccentricity of the latter is anotlier 
source of variation in the length of the day. 

The orbits of Mercury, Venus, the Earth, and the Moon, 
being within that of Mars, there will occasionally be transits 
of these bodies over the sun's disc, as seen from Mars. The 
superior planets adorn the heavens for Mars nearly in the 
same manner as they do for us, but it is less favourably situ- 
ated with reference to the inferior planets. The earth is to 
it what Venus is to us, though only about half as bright; yet 
it is generally the brightest star in its firmament. Both Mei^ 
cury and Venus, ^hen seen from Mars, must be very near 
the sun. 

. If we consider the intensity of the sun's light at the earth 
equal to 100, it will be at Mars equal to 52 in the perihelion 
and 37 in the aphelion. The apparent diameter of the sun, 
as seen from Mars, varies from 23' 9''.4 to 19^ 12".6 ; or, in 
other words, it appears at that planet about two-thirds as 
large as it does to us. 

The apparent motion of the fixed stars is a little slower 
there than at the earth. The north pole is directed towaldt 
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a {K)int in the Great Bear, which may be fonnd by drawing 
a line from tj of that constellation to a of the Dragon, and to 
this line drawing a perpendicular from ^ of the Great Bear ; 
the point where these lines intersect, is the north pole of the 
heavens for Mars ; the south pole is very near a of Eridanus 
or Jtchemar^ a star of the first magnitude. 

Mars, among the mythologists, was considered 
as the god of war and of hunting: he bore the 
names of Ares, Arius, Arioch, Mamers, Camulus, 
Woden, Gradivus, Mavors, Quirinus, Enyalus» 
Salisubsalus, &c. Jhe original Mars, to whom 
is ascribed the invention of arms, and the art of 
ranging troops in order of battle, is by many sup- 
posed to have been Nimrod, the Belus of the 
Babylonians, who is mentioned in scripture as " a 
mighty hunter before the Lord :'' but this is very 
doubtful. Mars was the reputed son of Juno, and 
is generally represented on antique monuments 
and medals as a robust man, armed with a helmet, 
pike, and shield. Sometimes he is mounted on a 
war-chariot, which is guided by Bellona, the god- 
dess of war, and drawn by two horses, named 
Terror and Fear. Among astronomers. Mars is 
characterised by a spear and shield, J*. 



SEC. 14. 

S VESTA. 

Vesta was discovered by Dr. Olbers, a physi- 
cian of Bremen, in the kingdohi of Hanover, on 
the 29th March, 1807. It is so very small as to 
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be invisible to the naked eye : through a telescope 
it appears as a star of the 6th magnitude, and of 
a dusky colour. The diameter of Vesta is esti- 
mated at only 238 miles, or, according to some, 
270 miles; her distance from the sun is nearly 
225,000,000 of miles, or 2J times that of the 
earth ; and she performs her annual revolution in 
1325 days. The inclination of her orbit to the 
plane of the ecliptic is 7° 8'. Although the 
mean distance of this planet from the sun is less 
by some millions of miles than that of Juno, or 
Pallas, she is sometimes at a much greater dis- 
tance than either of them, on account of the ec- 
centricity of their orbits. 

According to the heathen mythology, Vesta 
was the sister and wife of Saturn ; and her daugh- 
ter, called Vesta the Younger, the reputed god- 
dess of Chastity, was represented by no image, 
but a perpetual fire was maintained on her altar, 
which was carefully attended by virgin priest- 
esses, called Vestals. Hence modern astronomers 
have adopted the figure of an altar with a fire 
blazing upon it, as her emblem, g. 



SEC. 16. 

JUNO. 

Juno was discovered by M. Harding, of Lilien* 
thai, near Bremen, on the 1st September, 1804. It 
revolves round the sun in rather less than 1591 
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days, at the mean distance of 254,000,000 of miles; 
At its aphelion point it is five-thirds the distance 
from the sun that it is at the perihelion ; and its 
orbit crosses those of the other three asteroids, 
though not in the same plane. The diameter of 
this planet is stated at 460 miles ; its orbit has an 
inclination to the ecliptic of somewhat more than 
13°. It is invisible to the naked eye, but through 
a telescope it has a resemblance to a star of the 
eighth magnitude* 

Juno, among the mythologists, was the sister 
and wife of Jupiter, and queen of heaven ; and she 
bad names as numerous as^ anv of the heathen dei- 
ties. The peacock was sacred to her ; and Iris 
(the rainbow) was her constant attendant. Al- 
though now translated into a planet, she seems to 
have been originally the lonah (messenger) or 
dove of Noah, who brought to that patriarch the 
olive-leaf, emblematical of the restoration of the 
divine favour towards the human race. Her as- 
tronomical emblem is by some a sceptre surmount- 
ed with a star, token of magnificence, ?; by 
others, a mirror, crowned with a star Oy the em- 
blems of beauty and power. 



SEC. 16. 

^ CERES. 

Ceres was discovered by M . Piazzi, of Palermo, 
in Sicily« on the 1st January, 1801. Her mean 



distance from the sun is nearly 263,000^000 <^ 
milesy and she performs her annual revolution in 
1681 days. There is very little difference be- 
tween the aphelion and perihelion points of this 
planet ; but its orbit, which inclines to the ecliptic 
rather more than 10^^, is crossed by the orbits of 
Juno and Pallas. The diameter of this planet is 
460 miles: it is much too small, at such a dis- 
tance, to be discovered by the naked eye; and 
through a telescope it appears like a star of the 
eighth magnitude, resembling Mars .in colour. 

Ceres, in iddatrous times, was the reputed god- 
dess of Corn and Harvests, the daughter of Saturn 
and Vesta, and mother to Proserpine. She was 
held in great veneration ; and, among a variety 
of other titles, had that of Bona Dea, the benefi- 
cent goddess. Her emblem, among astronomers, 
is a sickle, p, the instrument of the harvest. 



SEC. 17. 

<jt P AL1> AS. 

Pallas was discovered by Dr. Olbers, of Bre- 
men, on the 28th March, 1802. It moves between 
Mars and Ceres at the distance of nearly 
263,000,000 of miles from the sun ; completing its 
annual revolution in rather less than 1682 days. 
The diameter of this planet is 670 miles. The 
aphelion point of this planet is about once and a 
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half as distant from the son as its perihelbn : its 
orbit crosses the orbits of the other three aste- 
roids ; and its inclination to the plane of the eclip- 
tic is prodigiously great, being about 34i^, vrhich 
is far beyond the limits of the zodiacal belt. 

Among the mythologists, Pallas, the same with 
Minerva, was the daughter of Jupiter, from whose 
brain she was fabled to have sprung completely 
armed, and brandishing a spear. She was the 
reputed goddess of Wisdom ; and the owl and the 
cock were her favourite birds. The olive-tree 
was also sacred to her. She was likewise the 
patroness of the Liberal Arts. Her astronomical 
emblem is the head of a spear, <^. 



SEC. la 

OBITERAL REMARKS CONCERNING THE ASTEROIDS. 

Dr. Olbers had conceived the idea that Ceres 
might possibly be the fragment of a larger planet 
which formerly revolved between the orbits of 
Mars and Jupiter, and had been burst asunder by 
tome unknown powerful force, and that other 
bodies similar to these three were yet to be found. 
This idea, whether correct or not, appears to have 
led to the discovery of the other three asteroids. 
Thus, four primary planets belonging to our sys- 
tem, were discovered in a little more than six 
years. 
22 
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It is quite remarkable, that the possibility 
of the existence of a planet between Mars and 
Jupiter had been previously conjectured, by Pro- 
fessor Bode,of Berlin, on the ground that the suc- 
cessive intervals between the orbits of the planets 
vary pretty nearly according to a certain law; 
while the interval between Mars and Jupiter 
forms the only exception, being much too great, 
and requiring a planet of the mean distance of the 
asteroids to make the series complete. If a planet 
having this mean distance should have exploded 
by any interna] force, the fragments must, on 
making a period, return near the same portion of 
space in the solar system. It was by searching 
in this portion of space that the three last asteroids 
were discovered. So carefully were the heavens 
watched for the iSrst twenty years of the century 
by the German astronomers, that Dr. Olbers states 
with confidence that no asteroid of the eighth 
magnitude could have traversed that region with- 
out being discovered. 

We have but a very imperfect knowledge of the 
magnitudes of these planets, and none respecting 
their rotations and the positions of their axes. 
Lament has determined the probable diameter of 
Pallas to be about 670 miles. This is the largest 
of the four« and Vesta is the smallest ; its surface 
being estimated at 229,000 square miles, or about 
one-tenth of the surface of the United States. 

Our information concerning these small bodies is confined 
to the elements of their orbits, and other circumstances de- 
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pending on these elements. The orbits of Pallas and Juno 
are very eccentric ; and, {[consequently, the intensity of light 
and heat, and the apparent magnitude of the son, are very 
difierent for them in different parts of their course. The fol- 
lowing table will show the maxima and minima values of 
these quantities, the average intensity of the light received at 
the earth being called 100. 



Vesta 

Juno 

Ceres 

Pallas 


loleoiity of Lijht in the 


Appareot Diameter of tbe Snn in ti>e 


Perihelion. 


Apbelioa. 


Peiihelion. 


▲pbelion. : 


22 
26 
16 
23 


15 

9 

11 

8 


14' 53".8 
16 9 .8 
12 32 .5 
15 12 .6 


12^ 26".2 
9 3^i .1 

10 43 .4 
9 17 .6 



Another peculiarity of the orbits of these planets is, their 
great inclination to the orbit of the earth, or ecliptic. Tiie 
orbit ef ye<«ta is inclined 7^ S'; that of Juno, 13° 4'; that of 
Ceres, 10^ 37'; and that of Pallas, 34<^ 35': so that they will 
sometinies be found beyond the limits of the zodiac, and have 
ibr that reason been, called the ultrorzMacal planets. 

These planets revolve aironnd the snn at nearly the same 
mean distances, in round numbersy as follows : 

Yesta 225 millions of miles. 

Jnoo . . « 354 

Geres 263 

Pallas 263 

Their terms of revolution are— Yesta, 1325 days; Juno, 
1591 days; Ceres, 1681 days; and Pallas, 1682 days. This 
is a very different arrangement from that of the other planets, 
Whose mean diltance^ and times of revolution are immensely 
different; whilst two of these, Ceres and Pallas, have nearly 
the same mean distance, and their periods differ hardly a 
single day. These two planets, thus revolving around the 
SKn almost at the same mean distance, and in the same time, 
present a singular anomaly in the solar system ; they do not, 
hswever, move in the same, or nearly the same, patli^—their 
elliptic orbits being of very different forms ; that of Pallaa 
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much more elongated than that of Ceres, and the two paths 
lying in planes very differently inclined. 

The brightest star visible in their heavens is 
Jupiter, at his opposition ; when this occurs at 
the time of the aphelion of Pallas, he will appear 
at that planet 2^ times larger than he ever does 
to us, and will be within 170 millions of miles of 
Pallas, who will then receive from him six times 
as much light as we ever do. The other three 
planets can never be nearer to Jupiter than from 
220 to 940 millions of miles. 

For obsenrations of the inferior planets. Mercury, Venns, 
the Earth, and Mars, these planets are as nnfavonrably sita- 
ated as the earth is for observations of Mercury. The transits 
of these inferior planets over the sun's disc will occur very 
seldom, on account of the small apparent diameter of the 
latter, and the great inclination of the orbits of the small pla- 
nets. For Juno and Pallas there will hardly be one in a cen- 
tury of our years. Saturn and Uranus, in opposition, appear 
somewhat larger there than at the earth. 

The force of gravity at the surfaces of these bodies must 
be very small. If we suppose them to he of the same den- 
sity as Mercury, which is Uie most dense, so far as is known, 
of all the planets, then, supposing the diameters to be as in 
the following table, we shall have : 



Vesta 
Juno 
Ceres 
Pallas 


DiMMlan. 


ralliatbaflntflMsood. 


Ln^ofthBfceoofcBwirtB^ 


270 mUes 
460 " 
460 " 
670 " 


7 inches 
11 ** 
11 " 
16 " 


1 inch 

3 " 
3 " 



The weight of a pound at the earth would there be onlj 
about an ounce ; and the physical power of an inhabttanl of 
the earth would enable him to accomplish wonders upom one 
of these planets* 
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SEC. 19. 

Ti. JUPITKR. 

Jupiter, the largest prb in our system, with the 
exception of the sun, is about 91,000 miles in dia* 
meter, and occupies 11 years 315 days 14|^ hours, 
nearly, in performing his circuit about the sun, 
from which he i^ distant upwards of 494,000,000 
miles, travelling at the rate of 28,000 miles in an 
hour. 

This planet is full five times as far from ttie 
sun as the earth is. Its revolution on its aiis 
is accomplished in 9 hours 55 minutes 26^ seconds 
— a rotary velocity twenty-five times that of the 
earth. Hence its year consists of 10,477 Jovian 
days. In consequence of this swift diurnal rota- 
tion, the equatorial diameter of Jupiter is 6000 
miles greater than his polar diameter. 

The density of Jupiter is not quite one-fourth 
of that of the earth, and a little greater than that 
of water. Hence, although Jupiter is 1300 times 
as large as the earth in bulk, its mass of matter, 
or weight, is only about 300 times as great. 

The attracting mass of Jupiter being 300 times 
the earth-s, and his semi-diameter being eleven 
times as great as ours, gravity at his surface will 
be only 2^ times that of ours. In other words, a 
pound hj&re would weigh 2^ pounds there. 
22* 
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Theie is, however, a great difference in the weight of bo- 
dies on different parts of the surface of this planet, in conse- 
quence of its being very much flattened or compressed at the 
poles. This compression amounts to nearly f-g of its diameter, 
its polar being only \i of its equatorial diameter. This differ- 
ence is perceptible with the aid of a good telescope, the disc 
appearing not perfectly round, bnt slightly oval, or a little 
elongated in the direction of the satellites, which are always 
seen in the direction of its equator. (^Seethe FronUtjpUeeS) Hence 
a body at the pole, being much nearer the centre of Jupiter, 
will weigh much more than the same body would at the 
equator. 

There is, moreover, another 6ause of difference between 
the force of gravity at the equator and that at the poleo. This 
is, the rapid revolution of the planet about its axis. The 
equatorial regions move in the circumference of a circle at 
the surt)ri8ing velocity of nearly 28,000 miles an hour — the 
effect of which is to produce a very great centrifugal force, or 
tendency to fly off from the centre, in bodies near the equator. 
This counteracts, in part, the gravity of those bodies ; whilst, 
at the poles, the weight of bodies is not at all diminished by 
this cause. The combined effect of these two causes is, that 
a body will weigh three-tenths more at the pole of Jupiter, 
than at its equator. There must, of course, be a correspond- 
ing variation in the length of the pendulum pn different parts 
of the surface of this planet. In fact, a pendulum vibrating 
seconds, at the equator, would be 34.9 feet,, and at the poles 
45.2 feet, in length ; or nearly one-third longer than that at 
the equator. 

The inclination of the equator of Jupiter to his orbit is only 
3^ y; and the eccentricity of the latter being very small, the 
difference of the seasons will be but slight; and that of the 
lengths of days at different seasons of the year will also be 
very small, compared with the earth ; for the variation in the 
meridian height of the sun, at any given place, throughout 
the year, cannot exceed 6^ 1<K. 
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In latitude ^0^ 5h. 6m. 268 4h. 49xxi. 14^^ 

" 60 6 15 47 .... 4 89 53 

It is only within 3^ 5' of the poles that the sun can remain 
invisible duriDj^ any entire revolution of the planet about its 
axis. 

The intensity of the light and heat of the sun at Jupiter is 
^ of that at the earth, and the sun appears there under an 
angle of 6^ lO''; or his apparent diameter, when seen from 
Jupiter, is about one-fifth as great as when seen from the 
earth. 

The ecliptic and equator of Jupiter lie nearly in the same 
plane as our ecliptic. In consequence of the rapid motion of 
this planet, the sun and stars will appear to move from the 
eastern to the western horizon in a little more than five honrs, 
•r 2^ times faster than in our firmament ; so that the apptp 
rent motion of all these bodies, except the stars near the polesi 
will be rendered perceptible to the eye, by a contemplation 
of them, for only a few moments. This constitutes one of 
the most interesting peculiarities in the firmament of Jupiter. 

The view of Saturn from Jupiter will be better than from 
any other planet Saturn will appear 4(/', and his ring 9Qf'^ 
in diameter ; or one-twentieth as large as we see the sun, and 
one-fourth as large as it appears from Jupiter. The transits 
ofthiB inferior planets over the sun's disc will be more fre- 
quent, but more difficult to observe at Jupiter than at our earth. 
Jupiter exceeds all the other planets in bright- 
ness (except sometimes Venus), and may thus be 
easily distinguished. When viewed through a 
telescope, his dis(c is perceived to be surrounded 
by faint cloudy stripes, called zones, or heltSt 
"which, though generally parallel to his equator, 
are subject to great variations both in figure and 
number. Sometimes eight have been seen at once, 
•sometimes only one : sometimes they Continue for 



three months with little or no variation, and some* 
times a new belt has been formed in less than two 
hours. From their being subject to 'such changes. 
Dr. Brewster suggests that the atmosphere of 
Jupiter reflects more light than the body of the 
planet; and that the clouds which compose it, 
being thrown into parallel strata by the rapidity 
of its diurnal motion, form interstices throu^ 
which the opaque body of the planet becomes 
visible. 

The face of Jupiter is also covered with spots, 
which, however, from. the variations of soaie of 
them, and the sensible difference in the period of 
their rotation, induce $m opinion th&t they are 
only clouds, which the winds transport with va- 
riojus degrees of velocity, in an extremely agitated 
atmosphere. Sometimes one or more spot«^ are 
formed between the belts, which increase till the 
whole are united in a large <]usky belt. 

Besides these cloudy indications, some bright 
spots are to be discovered on the surface of this 
planet, of a more permanent nature, though sub- 
ject to disappear and reappear after unequal in- 
tervals of time. The remarkable spot, by wboae 
motion the rotaiion of Jupiter on his own axis . 
was first ascertained, disappeared in the year 
1694, and .was not again seen till 1708, when it 
reappeared exactly in the same place, and has 
been occasionally seen ever since. 

Upon the whole, the appearance of Jupiter 
through a telescope is of the most interesting na- 



tiire, and opens a vast field for curious inquiry. 
(See Frontispiece.) 

. Jnpiter is attended by four satellitesy or moons, 
which revoire about him at different distanoes, 
and in different periods of time. They were first 
(Kscoviered. by Galileoy and are yisible M^ith a tele- 
scope of moderate magnifying power, nearly i^ a 
line with the belts on the planet. The nearest «f 
these satellites mfikes a revolution in less than 
two days, and the most distant in rather less than 
seven. From these revolutions, it is evident the 
satellites, like our moon, are liable to be eclipsed; 
and, by means ^f their eclipses, a method has 
been devised for determining the longitude of 
places with great facility and accuracy^ By the 
same means, also, is demonstrated the progressive 
motion of light; the , velocity of which is nfiore 
than a million of times greater than that of a ball 
issuing from a cannon.* 

The greatest ornament of the nocturnal heavens 
of Jupiter is his group of four moons, or satellites. 
Their apparent diameters, as seen from the pla- 
net, are 31' 11", 17' 35", 18' 0", and 8' 46"; the 
first appears nearly as large as our moon. They 
may sometimes all be seen above the horizon of a 

\ 

* Ray$ of light pass from the fiun to the earth in about 
eight minutes and a half, or at the astonishing rate of ll,500r 
000 miles in a minute. If the sun were suddenly annihilated,, 
vre should continue to see him for eight minutes and a quarter 
afterwards ; and if recreated, we should not behold him till 
eight minutes and a quarter afterwards* 



given fJace at orc9 ; but they 'wiU nrach c 
all be invisible. ' 

TbK following drawing shows the telescopic 
appearance of Jupiter and his satdlites as aeeo' 
frran the earth. 



Owing to the proximity of these satellites to 
their primary, they can never see quite half of hi; 
surface at a time. The portion visible at the jint 
is 6.414; that at the second, 0.446; that at the 
third, 0.466; and that at the fourth, 0.481. Ju- 
piter is robbed of the best portion of the light of 
his mooos — viz., that of the full moom^by 
eclipses. 

The satelliteB revolTe from west to east, in planes very 
neail J CO incident with that of the equator of the planet. The 
latter plane, being inclined only about 3° to the orbit, differs 
Tery little from the plane of the ecliptic. Hence, when viewed 
from the earth, these Batellites appear to oseillate to and fro, 
siHDetimes paasinf across the bod; of the planet, and eaating 
afaadows upon hia diae; and at others disappeering behind 
the body, or falling into ita shadow, at ■ distance from Oie 
planet la the former caae, Jnpiter snffera a aolai eclipsoi 
and, in the latter, his moooa are eolipaed. {Set the figvr* 
of JupUer and hit taliUiUt.) 
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The 'first three satellites ate eclipsed at every opposition, 
or fall moon; the Ibarth may occasionally escape being 
eclipsed, owing to the greater inclination of its orbit : this 
escape, howeyer, occurs very rarely, and all the four moons 
are eclipsed at nearly every revolution. The first, or nearest 
satellite, is totally eclipsed every 42} hours. 

Notwithstanding the number of Jupiter's moons, 
the earth is better provided with moonjight than 
that planet; for, as has been before stated, the 
intensity of the light of the sun is only ^ as great 
there as at the earth; and moreover the first satel- 
lite presents a disc about the size of our moon; 
the discs of the second and third are about one- 
third, and that of the fourth only one-twelfth, as 
large: so that their combined light would not be 
equal to that of our one moon. 

There are some portions of the surface of Jupiter "vrhidti 
have no moonlight. At the 81st degree of latitude, the first 
satellite is never seen; at 84}°, the second is never visible; 
at 86}^, the third ; and at 88°, none of them can ever be seen. 
It is only in the equatorial regions that the moons are of 
material benefit 

The arc vehich Jupiter describes by his geocentric retro- 
grade motion, is about 10°; and the time occupied in describ- 
ing it is 1 19 days. HThe retrograde motion begins and termi- 
nates virhen Jupiter's elongation from ^e sun is about 115°. 

The heavenly bodies which may be observed 
from Jupiter, independently of the sun and fixed 
stars, are : his own satellites — the planet Saturn, 
with his ring and satellites^ — and probably Her- 
schel, with his satellites. 
. Jupiter, among the heathens, was the reputed 

M* 
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son of Saturn and Rh^a, brother and husband to 
Judo, and king of heaven and earth. His wor* 
ship was universal, and surpassed in solemnity 
that of all the other deities. His temples were 
numerous, and he had many oracles, of which the 
most renowned were those of Dodona, in Epirus, 
and Ammon, in the Libyan Desert His names 
were' numerous ; as Osiris, Ammon, Baal, Belus, 
Zeos, Dios, Jeu, Jeud, Thor, Sanus, (Hympius, 
&c. The oak and the eagle were sacred to him ; 
and he was generally represented on a splendid 
throne of gold or ivory, with lightning and thun-* 
derbolts in one hand, and a sceptre of cypress in 
the other : his look was majestic ; his beard long 
and flowing ; and at his feet stood the eagle with 
expanded wings. His name seemis to be formed 
of lo or Ion, the dove, and Pater ^ lord or priest ; 
and his character appears to have been twofold : 
as lord of the dove, or heavenly messenger, which 
brought to the remnant of the human race, shut 
up in the Ark, the good news of divine reconcilia- 
tion, he was an idolatrous representative of the 
true God ; and as priest of the dove he may be 
easily referred to Noah, who offered the first sacri- 
fice after the general Deluge. There were many 
Jupiters: Varro reckons three hundred, Diodorus 
mentions two, and Cicero three ; but the actions 
of all were attributed to the son of Saturn and 
Rhea, who was said to have been born in Crete, 
and to have reigned on Mount Olympus, between 
Macedonia and Thessaly. The character used by 



astronomers to designate Jupiter, seema originally 
to have been the kiter Z, the first letter of Zeus, 
the Greek name of Jupiter; which in the course 
of time has been changed to %. 



SEC. 30. 

■ ■ Ij 8ATOR ir. 

The tenth planet in order from the sun, moves 
in an orbit which, during many ages, was consi- 
dered as the boundary of our system. His mean 



distance from the sun is upwards of OOS millions 
of miles, or more than 0^ times that of the earth. 
His diameter is 79,000 miles, and his magnitude 
almost a thousand times that of the earth. His 
linnual revolution occupies nearly 10,759 days, or 
about 29i of our years, although he moves at the 
rate of little short of 31,000 miles every hour. 
His rotation upon his own asis from west to east 
is performed in 10 hours 30 miqatea; consequently 
23 
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he has more than two days to our one. His orbit 
inclines to the ecliptic almost 2^ degrees ; and his 
axis is inclined to the plane of his orbit 29 de- 
grees. He shines with a pale lead-coloured light; 
and the proportion of his polar to his equatorial 
diameter is as 10 to 11. 

Saturii is by far the most wonderful and mag- 
nificent member of the solar system. Its apparent 
diameter, or the angle it subtends, as seen from 
the earth, is 16", or about 7^17, as great as that of 
the moon. This stupendous globe, besides being 
attended by no less than seven moons, is surrounded 
with two broad, flat, rings, extremely thin, and 
nearly concentric wUh the planet. 

They lie in the same plane, and are separated from each 
other by a very narrow interval. That, which separates the 
inner ring from the body of the planet is much wider. The 
thickness of this extraordinary appendage, according to the 
younger Herschel, does not exceed 100 miles. The other 
dimensions, as deriyed from the observations of Struve, are 
as follows : 

Exterior diameter of exterior ring 176,41 &mUes. 

Interior diameter of exterior ring 156,372 

Exterior diameter of interior ring 151,690 

Interior diameter of interior ring 1 17,339 

Equatorial diameter of the body 79,160 ' 

Interval between the planet and interior ring 1 9^090 

Interval between the rings . . . . 1 1,791 

A telescopic view of Saturn is given in the 
frontispiece. It is surrounded by its rings, and 
its body is striped with dark parallel belts resem- 
bling those of Jupiter, but less strongly marked. 



Phuea of Saturn. 



and owing, doubtless, to a similar causes That 
the ring 13 a solid opaque substance, is evident 
from the fact that it casts a shadow upon the side 
of the planet nearest the sun, and oh the opposite 
side the ring receives the shadow cast by the body 
of the planet, as represented in the figure. From 
the parallelism of the belts with the plane of the 
ring, it might be conjectured that the axis about 
which the planet revolves is perpendicular to that 
plane; this is found to be the case by observa- 
tions of spots which are occasionally seen upon 
its surface, the motions of which indicate a rota- 
tion about such an axis in lOh. 29m. 17s., accord-* 
ing to Herschel ; this period is, however, some- 
what uncertain. 

The axis of Saturn, like that of the earth, pre- 
serves its parallelism to itself during the revolu- 
tion of the planet round the sun. {See the draw- 
ing.) The rings rotate about the planet, in the 
plane of its equator, in nearly the same time as 
is occupied by the planet in making a revolution 
about its axis. 

Their plane, which is always parallel to itself, ia inclined 
to the ecliptic at an angle of 538^ 39' iS"; and it intersects 
the ecliptic in two opposite points, called the nodes of the ring^ 
whose longitudes or distances from the verqal equinoit, are 
70^ and 350^ respectively. In consequence of this obliquity 
of position, the rings always appear elliptical to us, with an 
eccentricity so variable that they occasionally appear like a 
straight line crossing the body of the planet. In tlie begin- 
ning of October, 1832, the plane of the rings passed through 
the centre of the earth, so that the edge was turned directly 
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towards ns ; in that position it is visible only with the most 
powerful telescopes, and appears like an extremely fine line 
crossing the disc of the planet, projecting oat a little distance 
on each sidd of it. The rings are ia this position twice dur- 
ing every revolution of Saturn round the sun, or at intervals 
of about 15 years, near the time when the planet is in the 
longitude of one of the nodes of the ring. At that time the 
plane of the ring passes through the centre of the sun, and 
the edge only is illuminated: this phenomenon occurred 
about the middle of December, 1832. The earth generally 
passes through the plane of the ring twice within a few 
months of the time when the planet is in longitude 170^ or 
350^; accordingly the rings vanished agaiil in the end of 
A{)ril, 1833. As the planet recedes frofn one of these points 
of its orbit, the line of sight becomes gradually more and 
more inclined to the plane of the ring, which appears to open 
out by degrees into an ellipse which attains its greatest 
breadth when the planet is 9(P distant from one of these 
nodes, or in longitude 80° or 260°. At the time of its greats 
est opening, theOongest diameter is just twice as great as the 
shortest. The figure represents the form of the ring as seen 
from the earth, E, at different periods, throughout a revolution 
of Saturn round the sun, S. 

It is a singular result of theory that the rings 
could not maintain their stability of rotation, if 
they were everywhere of uniform thickness and 
density ; for the smallest disturbances would de- 
stroy their equilibrium, which would become more 
and more deranged, till, at last, they would be 
precipitated on the surface of the planet. They 
must therefore be irregular solids, so that their 
centres of gravity do not coincide with the cen- 
tres of their figures. Professor Struve has disco- 
vered that the centre of the ring is not exactly 
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coincident' with the centre of Saturn, the angular 
distance between the two centres being about } of 
a second. 

The rings of Saturn must present a most mag- 
nificent spectacle in the firmament of that planet, 
as Tastv arches or semicircles of light extending 
from the eastern to the western horizon, occupy- 
ing a large portion of the visible sky. Their ap- 
pearance varies in different regions of the planet. 
At s^out 37° distance from the equator, on the 
side towards the sun, they are seen in their greats 
est splendour, as semicircles stretching across the 
heavens. In the daytime they appear dim, like a 
ploud, or like our moon when the siun is above the 
horizon. After sunset their brightness increases, 
and the shadow of the planet is seen on the east- 
ern part of the ring directly opposite the sun ; as 
the night advances, this shadow moves gradually 
along the ring till it disappears in the west at 
sunrise. On the equator, only the inner surface 
of the interior ring is visible as a very narrow 
belt extending from the eastern through the zenith 
to4he western point of the horizon. In the polar 
regions of the planet only a small portion of the 
rings is visible, and at the poles they are never 
seen. 

During half of Saturn's^ year, or nearly fifteen 

of our years, the sun shines on one side, of the 

rings without intermission. The portion of the 

. surface of the planet on that side of the equator 

is, therefore, enlightened by the sun in the day- 

23* 
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time, and by the rings at night, while the portioa 
of the other henaisphere lying under the dark side 
of the ring, suffers a solar eclipse of fifteen years' 
continuance. 

Saturn's very long year of 10,759 terrestrial days consists 
of 24,591 Satumian days. It is divided into four seasons, aa 
follows : 

Nortbern Hemisphere. Southern Hemispbere. "TBrreiUial Tears. 

Spring .....' , Autumn 7.74 

Summer Winter 8.01 

Autumn Spring 6.94 

Winter Summer C.76 

The intensity of light at Saturn Is from 81 to 101 times as 
weak as at the earth. The apparent diameter of the sun 
varies from 3' 33.3", to 3' 10.6"; or, it is a little more than 
1^ his diameter as seen from the earth. . 

The force of gravity at the surface of the earth being called 
100, that at the pole of Saturn is 135; the fall of a body 
during the first second is 21.664 feet, and 1 pound weighs 
there 1 pound 5} ounces. At the equator, in consequence of 
the compression of the planet at the poles, and its rapid rota- 
tion, the fall is 12.384 feet in the first second, and a pound 
only weighs 12} ounces.. The length of the seconds pendu- 
lum is 2.51 feet at the equator, and 4.39 feet at the poles ; so 
that the observations of the length of the pendulum affords 
to the inhabitants of that planet a good means of determining 
Saturiiigraphical latitudes. 

The apparent diurnal motjon of the heavens is 
nearly as rapid for Saturn as for Jupiter, and for 
each place on the surface of the former planet, a 
certain zone of stars will be constantly eclipsed 
by the rings, except in the polar regions, where 
the rings are invisible. 



The nocturnal heavens of Saturn are adorned 
by seven satellites, whose diameters are quite un- 
known to us, but we may with some degree of 
certainty assnme, that their united discs, as seen 
from Saturn, would not form one as large as thai 
which our moon presents to us. 

The diameter of the most distant satellite but 
one (sometimes called the Huygenian Satellite,) 
has been estimated at about 2700 miles ; hence it 
appears at Saturn under an angular diameter of 
8' 40"; supposing the last or most distant moon 
to be of the same magnitude as of the Huygenian, 
its apparent diameter would be only 3". 

In referenoe to the phaai^ which these moona present to 
their primary, they differ esBentisJly from the Batellites of Ju- 
piter and our moon. With the latter, the inclination of their 
orbits to those of the primariet'is too small to produce any 
remarkable difference in the Yariens phaaea at different aea- 
eona of the year. But it is not ao with Salum ; it never haa 
a perfect fall moon or a perfectly invisible now moon, except 
at those seasons of its year when it is near one of the nodes 
of the piano of its rii^, which is nearly the plane of the 
orbits of its moons : at all other seaaona there remaina at the 
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' opporition of either of the moons, a small portLon o^ the 
northern or southern border of the disc of the moon unilla- 
minated, and when the moons are in conjanctioh, a small 
portion of the northern or southern border is illuminated. 
The breadth of this part is at a maximum when Saturn is 

. 90^ from the nodes of its rings. 

As is well known, our moon passes the meridian of a given 
plaoe, about 50 minutes later ea<;h night than the preceding, 
owing to its motion being in a direction opposite to that of 

;the apparent daily motion of the heavens. The first or near- 
est satellite of Saturn revolves around that planet in 33 J hoars, 
in a direction opposite to that in which the heavens appear to 
make a revolution in 10| hours, so that when this satellite, 
as a full moon, passes the meridian of any place on the sur- 
face of Saturn at midnight, it will not come to that meridian 
again until 19 J hours afterwards^ or the second night after, at 
1} hours before midnight. Or, in other words, the first satel- 
lite of Saturn passes the meridian of a given place at inter- 
vals of a little less than two of Saturn's days. 

Owing to the great inclination of the ring and of the orbits 
of the satellites to the ecliptic, or orbit of Saturn, the eclipses 
of the moons can happen only at those seasons when the 
planet is in the neighbourhood of one of the nodes of the 
ring. During a period of 6^ of our years, at the middle of 
which time Saturn is in one of these nodes, the innermost 
satellite is eclipsed every full moon ; and for about 8| years, 
preceding and following this period, it cannot be eclipsed. 
The periods during which eclipses of the other satellites will 
occur, are much smaller ; for the Huygenian, or sixth satel- 
lite, it is only one year ; and for a period of 13.7 years, or 
nearly a half of Saturn's year, it suffers no eclipse. Eclipses 
of the sun, caused by these satellites, are phenomena of 
almost daily occurrence, about the time when Saturn is in 
one of the nodes of its ring. 

These seven satellites, owing to their great dis« 
tance from us, appear much smaller than those of 
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Jupiter, and for their observation much larger 
telescopes are requisite. Their theory is for the 
same reason less perfect. The most 4^istant satel- 
lite is the largest, it being probably not much less 
than Mars. Its surface,like those of the satellites 
of Jupiter, presents a varying light, from observa- 
tions of which it has been concluded that it per- 
forms a revolution about its axis and one about 
Saturn in the same period of time. The plane bf 
its orbit is sensibly inclined to the plane of Sa- 
turn's ring, virhilst the. planes of the other orbits 
lie very, neariy in the plane of the ring. The 
sixth satellite is next to the seventh in magnitude. 
The others are very n^uch smaller, and the first 
three so small as only to be visible through the 
very largest telescopes, and even virith such instru- 
ments they can only be sei^ under the most fa- 
vourable circumstances. Sir William Herschel 
has seen them at a time vrhen the ring had disap- 
peared to all other observers ; but they appeared 
to him, through his great telescope, as extremely 
small bright spheres upon a very fine line of light. 
The times of revolution of these satellites, and 
their mean distances from Saturn in terms of his 
equatorial semi-diameter, are given below. 

Time of Revolution. Mean Distanee. 

1 Satellite Od. 22h. 36in. 18b 2.4682 

2 " 1 8 63 3 3.2079 

3 " 1 21 18 ,,,.. jS.284 

4 " 2 17 45 6.819 

6 « 4 12 25 9.524 

6 " 15 22 41 25 20.7060 

7 « 79 7 65 64,859 
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The orbits of the third, fourth, fifth and seventh, 
are but little known ; those of the first and second j 
somewhat better ; and that of the sixth best of alL 
That of the second has no sensible eccentricity. 
The eccenU-icity of the first is 0.06689; and the 
longitude of the point nearest Saturn is 104^ 42'. 

In the language of the mythologists, Saturn was 
the son of Uranus, otherwise Coelus, and Terra, 
I. e. of Heaven and Earth, and the father of Vesta, 
Ceres, Pluto, Neptune, Jupiter, and Juno. His 
reign is represented as so mild, beneficent, and 
virtuous, that it obtained the title of the golden 
age. He is gener&Jly represented as a decrepit 
old man, hokling in his right hand a scythe, and 
a serpent in a circular form biting its own tail,— 
emblerds of the ravages of time and the revolution 
of the year. In his left hand, he holds a child, as 
if about to devour it, to denote that time con- 
sumes its own productions. He also bore the 
names of Sator, Ilus, and Chronus ; and his festi- 
vals, called Saturnalia, were celebrated about the 
time of the winter solstice, to commemorate the 
freedom and equality which prevailed on earth 
during his reign. Some have supposed that Sa- 
turn was an apotheosis of the patriarch N6ah, 
others of his son Ham ; but Macrobius assures us 
that his name was a Phoenician title of the sun. 
The astronomical sign of Saturn, h, is supposed 
originally to have represented a scythe. 
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SEC. 21. 

}ji[ HERSCBELy OTHERWISE URANUSi OR GEOROmM SIDUS. 

This planet was discovered by Sir William 
Herschel, on the 13th of March, 1781. In honour 
of his royal patron, George III., he gave it the 
name o{ Georgium Sidus, or Georgian Ster ; but 
by foreigners it is frequently called Herschel^ in 
honour of its. discoverer ; and the Royal Academy 
of Prussia, with some others, called it Uranus, 
from the circumstance of the other planets being 
named from such heathen deities as were reputed 
relatives : thus Uranus was the father of Saturn» 
Saturn the father of Jupiter, Jupiter the father of 
Mars, &c. Pleasing as this analogy may appear, 
the appellation of Herschel is quite as appropriate, 
inasmuch as it is an honour justly due to the in« 
genious and persevering discoverer. 

Herschel is the most remote planet yet disco- 
vered in our solar system. He is rarely to be 
seen but through a telescope ; but in a clear night, 
when the moon is absent^ he may be seen by the 
unassisted eye, about the size of a star of the sixth 
magnitude, of a bluish white colour, with a bril- 
liancy between that of Venus an4 the moon. 

The mean distance of this planet from the sun 
is upwards of 1,822,000,000 of miles, or about 19 
times the distance of the earth. His diameter is 
variously stated at 34,170 and 35,865 miles, and 
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his bulk is 80 times as great as that of our earth. 
He moves nearly in the plane of the ecliptic, the 
inclination of his orbit being somewhat less than 
46:^ minutes. 

This planet performs his annual revolution in 
nearly d0,68d days, or rather more than 84 of our 
years, moving from west to east at the rate of 
15,546 miles per hour.^ His rotation upon his 
axis is performed in about If of our days. 

Our knowledge of this, the most distant planet 
of the system, is too limited tp enable us to give 
a very detailed account of its peculiarities. It 
receives from the sun, when nearest that body, 
^^7, and when most distant ^^^ as much light a9 
the earth. 

The apparent diameter of the son, as seen from Uranus, 
or Herschel, varies from 1' 36'' to 1' ^5"; the apparent diftc 
of the sun is only ^ as great there as at the earth. Its 
light at that planet is about midway between our sunlight 
and our moonlight. 

The situation of Uranus is unfavourable for obtaining a 
knowledge of the solar system. Even Saturn appears at 
Uranus smaller than at any other planet of the system, and 
Jupiter appears hardly as large there as Merdury does to us. 
All the other planets are, with reference. to Uranus, tn^ertpr* 
and may occasionally be observed from that planet upon the 
8un*s disc; these transits . are, however, of very rare occur- 
rence ; a transit of Saturn will not happen oftener than once 
in 10,000 of our years. The moons of Uranus and the fixed 
stars are the only bodies visible in his midnight heavens. 

Vast as is the distance of Uranus from the earth, it must 
not be supposed that the fixed stars appear larger or nbwer 
than they do to us ; for the distance of this planet from tht 
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eaith is less than one thirty-thousandth part of that of the 
nearest fixed star known ; the former distance is to the latter 
what the height to which an eronaut soars is to the distance 
of the moon. 

The annual parallax of the fixed stars, or, the 
angle contained between two Knes conceived to be 
drawn from a 8tar» one to the sun and the other 
to the planet^ is nineteen times greater for Uranus 
than for the earth. This angle is, for the nearest 
fixed star, but a small fraction of a second at the 
earth, whilst at Uranus it amounts to several 
seconds. So that the problem of finding the 4^- 
nual parallax and distance of the fixed stars, 
which so long bafiled all the attempts of our astro- 
nomers to solve it,. but whurh at last yielded to 
the genius of Bessel, presents very little difficulty 
to the Uranians, except that which arises from 
the length of one of his years, required to com- 
plete an observation. This is the only poitit in 
which the latter astrononners have an /advantage 
over those of our earth. 

The greatest peculiarity of the Uranian system is that the 
orbits of the satellites are nearly perpendieolar to that of their 
primary, and their motions are in a retrograde direction, that 
is, from east to west ; while the satellites of all the other 
planets revolve from west to east around their primaries, in 
paths but slightly inclined to those of the latter. 

We have already seen that, in the variation of their phases, 
the moons of Saturn differ frOm those of Jupiter and the 
earth ; but this difference is very small in comparison with 
that which the position of the paths of the satellites of Ura- 
nus causes in their phases when compared with those of Ju- 
piter and the earth. When the planet is near 90^ from the 
24 
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node of the orbit of one of its n^oons, that moon will be con 
tinnally in quadratare, or nearly so, and will present either a 
little more or a little less than half its illuminated side to- 
wards its primary, during a period of several rerolations of 
the satellite : its phase will be^ nearly like that which our 
moon presents a day before or after its quarter. On the other 
hand, when Uranus is at or near one of the nodes of the 
lunar orbit, the moon will present to it the same succession 
of phases each revolution, as our moon presents to us. At 
that time also, Uranus may expeiience eclipses of that moon, 
and eclipses of the sun by it. 

In consequence of the positions of their orbits, these satel- 
lites suffer and cause eclipses of the sun much more rarely 
than those of Saturn or Jupiter. At intervals of a half year 
of Uranus, or about forty -two of our years, when the 
planet is at the nodes of its moons' orbits, there will occnr a 
eeries of eclipses, which may amount, for all the moons, to 
about 300 of each kind. The first, or nearest, moon begins 
the ^series, and the others follow in the order of their distances 
from the primary. The whole series occupies a period of 
about two of our years, and during the succeeding interval 
of forty of our years, there are no eclipses. 

In density, Uranus is surpassed by all the other 
planets except Saturn. A pound at the earth 
weighs there 12^ ounces ; and the fall of a body 
during the first second is 12.29 feet. 

The approximate distances of the satellites, the periods of 
revolution and positions of the orbits of two of them, and 
the periods of the others, deduced by means of Kepler's third 
law, constitute our whole knowledge of these bodies. Their 
distances and periods are as follows : 

Distances. Periods. 

1 . . . ; . . 324,000 miles 6d. 31h. 

S 391,000 «« 8 16 56m. 

3 340,000 " 10 23 

4 390,000 " 13 11 9 

5 777,000 " 38 2 

6 1556,000 " 107 17 
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The existence of the second and fourth of^ these moons is 
certain ; they have heen ohserved by Lamont and the younger 
Herschel, and their orbits are pretty well determined ; but 
the others have never been seen by any one etcept Sir William 
Herschel, and their existence is by no means certain. 

Uranus, or Ouranus, was esteemed by the hea- 
then mythologists as the most ancient of all the 
gods, although he was allowed to have had pro- 
genitors, who were also, deities. His father was 
called AcmoD, otherwise Eliun, or Hypsistbs, and 
•was worshipped und^r the title of the Most High; 
and his mother was Beroe, otherwise Beroth, or 
Beryth. Uranus, who also bore the namiss of 
Epigseus-Autochton and Ccelus, is said to have 
married his sister Ge or Terra, otherwise Tithea 
or Tellus, and was father to the Titans, Cyclops, 
and Giants, all personages of great renown in. the 
mythologic legends. Though a god, he was de- 
posed by his son Saturn, one of the Titans, who 
in process of time was deposed by his own son 
Jupiter. Uranus seems to have been^ a personifi- 
cation of universal space, the identification of 
which with the Omnipresent Deity, there is good 
reason to believe, formed, even prior to the Deluge, 
the first heresy in religion, and led to all the me- 
lancholy results of idolatrous polytheism. The 
astronomical sign of this planet is the letter H, 
indicative of its discoverer, with the figure of a 
planet suspended from its cross-bar, )g. . 
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SEC. 22, 

COMETS. 

Besides the eleven planets, and their eighteen 
satellites, there is a multitude of other bodies, 
called comeUf which belong to our solar systeno, 
and make their revolutions round our sun. Th^ 
are called cometcd^ hairy bodies, or comets,, from the 
appearance of their tails. 

The number of comets on record is about 500. 
Of these, the first 450 are mentioned in ancient 
annals and chronicles. The rest have been seen 
in the last hundred years, chiefly by the aid of 
the telescope. When we reflect that no comet 
wasnoticed by the common people from 1769 to 
1807, a period of 38 years— though 36 were seen 
in telescopes, and their orbits computed by astro- 
nomers — we readily perceive the defectiveness of 
the list. The experience of the past few years 
shows that an attentive examination of the hea- 
vens with telescopes, brings to our vi^w about 
three comets in a year. To this number may be 
added at least one for each year, so situated with 
respect to the earth as to be invisible in its ap- 
proach to and departure from our system. Ac- 
cording to this estimate, 24,00() comets must have 
visited the solar system since the creation. When 
we extend our views farther, and consider that 
Jupiter is at the remotest distance from the sun 



at which comets are ever visible to us, and that 
the active force of gravity of our sbn exteods 
through a sphere whose radius is more than a 
million of times the distance of Jupiter, we must 
conclude that the number of comets which in the 
iBimensity of space still obey the controlling power 
of our sun is almost countless. We may safely 
estimate them by hundreds of thomaiidSf and pro- 
bably by milliouM I 

The put^pose for which these singular bodies 
lyere created, is as little known to us as iis the 
nature of their internal organization. As far as 
we can judge from their appearance, they are 
composed of three principal parts, the headf the 
nebuiam efuvdope, and the tail. 

THE HBADS OF COMETS* 

The head is ccnnparatively small, seldom greater 
than our moon. la some comets it is altogether 
-wanting. It usually appears less bright than even 
the planets^ and is of a- pale whitish colour. 

The following estimates have been, made of the 
si^e of the heads of comets. ^ - 

The Comet of 1798, diameter of the head 33 miles. 
«* •« 1805 " " 36 «* 

u u 1790 . ** " 463 " 

*' «* 1807 " " 666 •* 

a u 1811 ** « 3367 " 

THE NEBULOUS ENVELOPE. 

The nehulous envelope is the only universal 
24* 
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characteristic of comets. It has the appearance 
of a thin cloud of condensed vapour or smoke, 
surrounding the head of the comet when visible. 
It is gradually thickened towards the centre whea 
no head is to be seen. Some comets which to the 
naked eye and in small telescopes have seemed to 
have a head, have, when greatly magnified in 
powerful telescopes, been wholly resolved into a 
cloudy-looking substance or nebulous envelope. 

THE TAIL* 

The tail of comets is usually the prolongation 
of the nebulous envelope in a direction from the 
sun. Sometimes the taU is wanting, and then the 
nebulous envelope is somewhat oval, or fan-shaped, 
with the densest portion not in the centre, but 
nearer the sun than the centre of the figure. The 
portion next the sun is in such cases rounded, the 
portion from the sun slightly elongated, and its 
outline not well defined. Sometimes the tail ex- 
tends to a great length, ^nd it is often bent con- 
cavely on the side which is towards . the point of 
the orbit which the comet is leaving. In such 
cases the concave border is better defined and 
smoother than the opposite or convex border. 

Some comets have had two tails. That of 
1823, jfbr instance, had one tail extended towards 
the sun, the other from it. The comet of 1744 
had six tails, each about 4° in breadth, and 30^ 
or 40^ in length. Chladni noticed a rapid short- 
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ening, and lengthening of the tail of the great 
comet of 1811, which amounted to several millions 
of miles in a second, a velochy of motion (if mo 
tion it was) far exceeding that of light. Many 
other astronomers haVe recorded similar appear- 
ances. They are not, however, considered to be 
well established* 

The comet which appeared 371 years before 
Christ, is said to have covered a third part of the 
visible heavens. That of 43 years before Christ, 
was so bright as to be seen in the day-time. It 
was supposed to be the ghost of Caesar, who had 
just been assassinated. Seneca mentions a comet 
in A. D. 60, which eclipsed the brightness of the 
rising sun. In 1402, two comets appeared ; the 
one was seen in the day-time, in March ; the other 
in Jtlne following, long before sunset. The tail 
of tite comet of 1456 ^as 60° long. That of 1618, 
100°, so that its tail had not all risen when its 
head reached the middle of the heavens. The 
comet of 1680 was so great, that though its head 
set soon after the sun, its tail, 70° long, continued 
visible all night. The comet of 1689 had a tail 
68° long. That of 1744, which had six tails, had 
a head brighter than Venus, and could be seen 
with the naked eye an hour after midday. That 
of 1769 had a tail more than 90° in length. That 
of 1811 had a tail 23° long. The recent comet 
of 1843 had a tail 60° in length. 

These estimates are the angles under which the 
tails were seen from the earth. The real lengths 
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of several comets' tails have been estimated as 
follows: 

Tail of Comet of 1680 133,000,000 miles* 

" " 1744 35^000,000 ♦* 

" " 1769 48,000,000 « 

« " 1811 130,000,000 " 

" " 1843 130,000,000 " 

ORIGIir or THE ENVELOPB AfTD TAIL Or COMETS. 

The tails of comets owe their origin to the ac* 
tion of the sun. They are usually directed from 
it. They increase as the comet approaches the 
perihelion, and decrease soon afterwards; and 
usuaHy disappear before the comet has attained a 
distance of 200,000,000 of miles from it. 

The physical observations of Olbers on the comet of 1811, 
and of Bessel and Arrago on Halley's comet in 1835, have 
given us some insight into the nature of these bodies. Pro- 
fessor Norton, of Newark, Delaware, has recently, from his 
own researches, been led to conclusions similar to those of 
Qlhers and Bessel. 

According^ to -Arago,, they shine by reflected light; and 
according to Olbers and Bessel, the nebulons envelope is 
formed by a repulsive force in the substances on the surface 
of the solid portion or head. It is quite probable that when 
at their greatest distance from the sun pr aphelium, the heads, 
owing to the condensation of the volatUe portions thiongh 
extreme cold, become solid bodies like our esurth. 

On nearer approach to the sun, the effect of its heat or 
light, or of both, is such as to volatilize the substances on its 
surface. These volatile substances do not resemble the gases 
or vapours on the earth^s surface ; for they have no power of 
refracting the sun's rays. They may rather be compared to 
the particles of dust thrown off by electrical repulsion from 



an excited tsondactor. In other wards, the force .wMeh ,go- 
Tems the distance of these volatUe particles from -each odier, 
seems to be that of polarity^ and not of tlastidtg. In many 
instances, stars hare been seen through the densest portions 
of comets. This is explained by supposing that the force 
of polarity or repulsion is so great as to oyercome that of 
cohesion of the particles, and- reduce the substances, which 
would otherwise be solid, to a state of thinness or subtili^, 
exceeding that of the most volatile essences Jmown to us. 
In this manner, the formatixm of the envelope has been sap- 
posed to be accounted for. The formation of the tails of 
ooaets is attributed to a> second or War ftoktriiy, acquired by 
the particles that have, by the first polarity or electrical repul- 
sion, been scattered about so as to form the envelope, i^s 
the comet approaches the sun from the frozen vegions oC 
spaee, the particles, besides being thrown off from the comet, 
are also repelled by the sun. {iencet in .the direotion £cefa 
the comet and from the sun, ihey are moved by a 4oQble 
repulsive for^, while, towards the sun, they feel oidy the 
difference of these forces. 

This ei^lstns the shape of die envelope and tail. Hie 
position of any particle of the envelope or tail at the time 
' when we look at it, depends »pon the time when it aoquirsd 
its first polarity^ so as to be thrown off from the head of the 
comet $ the particular direction in which; it was thrown ; the 
degree of fwoe in this direction $ the direcUon and v^odty 
tji its or&tto/tno^Mm at the time of separation from its cohe- 
sion with the head of the comet ; the time when it acquired 
its second or tolar polariiy^ so as to be thrown off in a direc- 
tion from the sun; and finally upon the degree of repulsive 
force in that direction. 

All these circumstances vary every instant for the same 
comet, and are differoit for different comets. It is supposed 
that their various combinations will ^oount for all the vari- 
ous shapes of comets. 

When the first or cometary polarity is very feeble, and the 
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second or iolar polariit/ very powerful, the tail is long and 
narrow, as in 1668, 1689, and 1843. (See the drawing of the 
comet of 1843.) When, on the contrary^ the comet's head is 
greater, and ^he cometary repulsion greater in comparison 
with the sun's repulsion, the tail is broader, and the portion 
of the envelope towards the sun extends farther from the 
head, leaving an almost vacant space between the border of 
the envelope and the head. The shape of the nebulous enve- 
lope and tail, is usually that of a hollow hyperbohid. (See 
the drawing of the comets of 18II and 1819.) 

WASTE OF THE SUBSTANCE OF COMETS BY DISSIPATION 

}N SPACE. 

The particles that form the tails of comets, and the extreme 
portion of the envelope, having passed beyond the sphere of 
active attraction of the head, can never return, but wander in 
space; till they become too thin to be seen, and are lost to 
our view and our knowledge. 

Comets that return often to their perihelion seem to lose 
those particles that are capable of secondary or solar potariza- 
tion, and have no tails. Such ia the case with Encke's and 
Gambaxt's comets. HaUey's comet in its recent retanis is 
far less terrific tiian under similar circumstances in ancient 
• times. I 

It is impossible to conjecture ^hat becomes of the particles 
of comets thus thrown off and dispersed through space. If 
the solar repulsion continues, they must move off in hyper- 
bolas to the confines of the system, perhaps to join with 
other nebuke, other systems, or other planets, to revolve round 
other suns in a more friendly relation. 

POPULAR SUPERSTITIONS RESPECTING COMETS. 

The appearance of comets in ancient times was 
always a source of alarm. They were supposed, 
without just foundation, to be the forerunners of 
the direst calamities, wars, famine, pestilence. 
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deaths of great meoi 6(c. So great was the alarca 
in Christendom in 1456, during the appearance of 
HallQy's Comet, that Pope Calixtus, believing it 
to be the instrument of Divine vtrrath, ordered 
prayers to be offered up in every town, and the 
bells to be tolled at noon of each day, to warn the 
people to supplicate the mercy of heaven. He at 
the same time excommunicated both the comet, 
and the Turks, whose armies had lately proved 
victorious against the Christians, and established 
the custom, which still exists in Catholic coun- 
tries, of ringing the church-bells at noon. 

Comets-have also been supposed to produce irre- 
gularities in the seasons. When we reflect, that 
probably no seasob passes by without our having 
at least one comet as near to us as Jupiter, we 
find no just grounds for attributing to this source 
any of the calamities with which mankind are 
occasionally afBicted. 

Another source of apprehension with regard to 
comets arises from the possibility of their striking 
our earth. It is quite probable that even in the 
historical period the earth has been enveloped in 
the tail of a comet. It is not likely that the effect 
would be sensible at the time. The actual shock 
of the head of a comet against the earth is ex- 
tremely improbable. It is not likely to happen 
once in a million of years. 

If such a shock should occur, the cons^uences 
might perhaps be very trivial. It is quite possible 
that many of the comets are not heavier than a 
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single mountain on the suf fkce of the enrth. It is 
well known that the size of mountains on the 
earth is ilhistrated by comparing them to particles 
of dust oh a common globe. 

The comet of 1770, which approached so near 
to Jupiter as to have its orbit and period com- 
pletely changed, produced no siensible effect on the 
satellites of that planet. It is by no means un- 
common fbi* one of the planets to alter a conaet's 
peribd tburid the son by mon^ than a month, while 
tit the sanfe tihie thl^t of the pfonet itsirif is neMr 
changed by tUe comet a'idbgle seedttd. 

TBB BLBMBNTS W THB OaBITS t>F COMBTS. 

>Iii deitfribing fbe l^i*bitii df (he pta»6t^, she eie- 
merits are usiially mlEfiiliorfM. This canddt be 
ioiib ^ilh the greater pkrt '6f (he corner : Ae 
I6hger nils tod p^ribd ai^ uhkUOWn. Thej^enndn- 
ing five elements are the Mine With coAti^fs sb 
\vkh planets. 

the average of all the indihfttidns of the ptetiUS 
ih *#hich the coni^f^s tioiffr oh record have b^n 
found to move is about dO^, a wonderful ihstailde 
this of the goodn^^s of Providence in causing 
theftr motions to be pei^fo'rmed in the manner least 
likely to come in cbhtact with the earth and die 
other planets ! 

The shape of their orbits is alto usually that 
of very flattened ellipses or parabolas, so that 
they approach the sun and again quickly depart 
frdm the limits of the planetary system, and 
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Temftin fdr years, or centories, or ages, beyond the 
limit of our yision, even with the best telescopes, 
another instance of the protecting care of an all- 
pervading Providence I 

The path's of mcMst of ^e comets may be well represented 
by assigntog to them a parabola for their orbit. In fact the 
small portion of the orbit in which we see them near their, 
perihelion, b almost the same in a parabola as in an ellipse. 
Yet it is probable that tli^y all more in ellipse's, and have 
iheir stated periods round the sun, embracing all varieties, 
from a few years to many centuries. Among a million of 
possible combinations of (original projectile force, direction, 
and position with respect to the 8un» with which a comet may 
have been endowed at creation, there is only one that would 
produce a e&tck or a parabola for its orbit The remaining 
•oombinatioDs would produce Mjues or hpperbehu. The lat- 
ter curve is, at present, extremely improbable; for if any 
comets have moved in hyperbolas, they can never have made 
but one visit to our system, and most of them must ere this 
have finished their revolution in this system, and be far on 
their way to another. Still astronomers are occasionally led 
in their investigations to hyperbolas for the orbits of comets. 
This circumstance occurred several times in the researches 
of &e celebrated French astronomer Burckhardt. Such irre- 
gularities are usually ascribed to the imperfection of our ob- 
servations of the places of the centre of the comet^s head* 
Our estimate is liable to be biassed by its eccentric^ position 
in the nebulous envelope. 

It is possible that a comet may approach from an immense 
distance towards the sun in an elliptic orbit, while its head 
remains solid. If on its nearer approach to the sun its enve- 
lope is formed by the particles' thrown off Crom the head, littie 
efaai^ will be produced in its oibiti But when the wkr 
rqpnMon of a portion of the envelope is induced^ the effect of 
tltis repulsion on the particles not yet beyond the sphere of 
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active attraction -of the ecmiet, must tend to increase the eo- 
centricity of thp orbit. In comets like that of 1843, inhere 
the solar repulsion is very powerful, and where the head is 
almost wholly resolved into nebulous envelope, the effect of 
the sun's repulsion may be sufficient when the comet is near 
the sun^ and the ellipse is very eccentric, to change the in- 
stantaneous orbit into a portion of an hyperbola; and again 
the comet may, on departure to a sufficient distance from the 
sun for the solar repulsion to cease or be much weakened, 
resume its elliptic orbit, and haying attained its greatest dis- 
tance from the sun, again return to experience similar changes 
and modifications. In the case of the comet of 1843, the 
nicest observations which could be made with the choice 
instruments at the High School Observatory for a period of 
20 days, lead, on sound principles of compntation, to an hy- 
perbola for its orbit. This result may have been owing to 
the imperfection of the observations, or possibly to the cir- 
cumstance just mentioned. 

PERIODICAL COMBTS. 

Although it is probable that all the comets 
move in ellipses so eccentric as nearly to resemble 
a parabola, yet few of their periods have been 
determined. Some revolve in orbits of several 
thousand years. Perhaps the average period is 
not far below one thousand. The elements of all 
the comets whose places have been observed, are 
Computed and preserved in catalogues in order 
to detect their future returns. The list of comets 
thus registered, amounts to about 150. When- 
ever a comet appears whose elements are the 
same as those of any of the comets in the cata- 
logue, it is presumed to be identical, and the in- 
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terval since the recorded appearance is considered 
as constituting one or more periods. 

HALLli^'s COHET. 

This comet revolves round the sun from east to 
west in 7.5^ years^ in an elliptic orbit inclined 
11? 44' to the ecliptic. Its least distance is 
56,000,000 and its greatest 1,710,000,000 of miles. 
Its eccentricity is 0.97. It bears the name of 
Halley, who discovered its period. In its perihe- 
lion, it approaches nearer the sun than Venus, 
and in its aphelion it departs to the distance of 
Uranus. It remains within the orbit of the earth 
at its perihelion 2^ months; but it» orbit is so 
situated that it never approaches within several 
millions of miles of our planet. 

SUPPOSBD APPEARANCES OF HALLET'S GOMET. 

The earliest recorded appearance bf Halley's 
comet is supposed to have been 138 years B. C. 
This would be the 26th period prior to its recent 
visit in 1835. After an omission in the chronicles 
for five periods, we find mention of a comet in 
A. D. 323, at the time of the famous Council of 
Nice, in the reign of Constantine. Its next re- 
turn, in 399, occurred during the session of the 
Council of Alexandria, the year irt which the 
Vandals overran southern Europe. Its appear- 
ance is described as being " exceedingly terrific, 
of grefat magnitude, and with its tail extending 
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down to the earth." After two periods, it again 
appeared fti 547, the year in which Rome was 
plundered by Totilas. 

Its fifth recorded appears^e was in 930, after 
an interval of four revolutions. At this time it 
was considered the forerunner of the death of 
Henry the Fowler, and the subjugation of Hun- 
gary. Its sixth and seventh appearances were in 
1005 and 1080, the latter being the year of the 
death of the Emperor Alexius Comnenus. The 
eighth appearance was in 1155, during the Coun- 
cil of Soisson. The ninth is mentioned in 1231, .in 
the Chinese Annals. The tenth was in 1805 : its 
appearance was then the cause of general alarm, 
and was followed by a severe winter, and by a 
plague which raged in Europe for several years. 
It is supposed to be one of the two comets which 
appeared in 1379 and 1380. These eleven ap- 
pearances are inferred chiefly from a coincidence 
in dates. For want of astronomical observations, 
they will always be subject to doubt. 

CBRTAIET APPBARAVGES OF HALLEY^S OOMBT. 

The first certain appearance was in 1456: its 
tail was 60 degrees in length, and broad like a 
peacock's tail, as has been already noticed. Its 
next undoubted appearance was in 1531. The 
third was in the time of Kepler, in 1607. It .tra« 
versed the northern constellation as in 1835. Its 
fourth appearance was in 1683| in the time of 



Newton, when it was regarded a9 a friendly visi- 
ter, and not as the harbinger of Divine wrath. . 

Its period was soon after ascertained by HaHey, 
who computed the elements of all the comets on 
record, and found that three of them, viz. those 
of the great comets of 1456, 1531, and 1607, had 
similar elements to those of the comet of 1682. 
Acfcordingly, he assigned to it a period of 76 
years, and predicted its return in 1758. In reali- 
ty, it returned in 1759, having been retarded 106 
days by Saturn, and 518 by Jupiter, according to 
the subsequent predictions of Clairaut. In 1835, 
its return was predicted by eminei^t astronomers 
early in November. It actually came to its peri- 
helion on the 16th. The period of this comet is 
now well established, and its return early in the 
next century will doubtless^ be foretold within a 
single day. 

OLBERS'S COMET. 

This comet was discovered by Oibers in 1815. 
It revolves round the sun in 75 years. Its orbit 
is inclined 44^ to the ecliptic. Its least distance 
is 116,000,000 and its greatest 1,557,000,000 of 
miles; its eccentricity being 0.03. Its orbit is so 
situated that it can never come very near the 
earth. It will return to its perihelion about the 
0th of February, 1887. It is a small faint comet, 
and has probably escaped notice in its former 
returns. 

25* 
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E N CKE'S €0MET. 

Encke's comet, or the comet of short periods re- 
volves round the sun in 1210 days, in an orbit 
inclined 13° 22' to the ecliptic. Its eccentricity 
is 0.854. Its least distance from the sun is 
31,000,000 of miles, being within the orbit of 
Mercury. Its greatest distance is 390,000,000 of 
miles, being between the orbits of the Asteroids 
and Jupiter. 

It was discovered by Pons in 1819, but its pe- 
riod was first ascertained by~ Professor Encke. It 
had been seen by Messier and Mechan in 1,786, 
by Miss Caroline Herschel in 1795, ahd by all the 
astronomers in Europe in 1805. Its returns in 
1825, 1828, 1832, 1835, 1838, 1842, have all been 
observed, and its place is now computed in ad- 
vance almost as well as that of the planets or 
asteroids. In 1838, it was visible to the naked 
eye as a nebulous star of the 4th magnitude. It 
has no tail, though its nebulosity is always mani- 
fest, and in 1838 extended through several min- 
utes. The densest portion of the nebulosity is 
always eccentric in its position in the envelope, 
being nearer to the sun than the centre, and hav- 
ing the portion from the sun somewhat fan-shaped. 

The perihelion point of the orbit of Encke's comet fallingr 
just within that of Mercury, and being only 3^ from its de- 
scending node, if it passes that point when Mercury is in the 
sign of the Virgin, they must approach near each other. 
This combination occurred in 1838, and furnished £ncke the 
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means of determining the mass of Merciiry, more precisely 
than it was known before. 

This comet is found to encounter a slight re- 
sisting medium in its path for a few months before 
aiid after the perihelion passage. This takes 
place while it is within the orbit of Venus. 

As this resistance tends to weaken the tangential or cen- 
trifagal force of the comet, the attractive or central force of 
the sun gains continually on it, increases its angular motion, 
shortens its period, and diminishes its mean distance. 

This quickening of the angular motion is such, that the 
comet adyances in each reyoluidon one minute of space 
farther in its orbit, than it would do by Kepler's Laws if it 
moved in a perfect void. This advance brings the comet 
back to its perihelion, each time, one hour and twenty minutes 
sooner than before. The accumulation of these advances 
since 1785, in 17 revolutions, to 1842, amounts to about 17^ 
days, a quantity too great to be reasonably ascribed to any 
other known cause, for the want of which the theory of a 
resisting medium in the planetary spaces between Venus and 
the Sun, is resorted to as a matter of necessity. 

Bessel has shown that there are many other causes known 
to exist, which are capable of producing an acceleration in 
the mean motion of Encke's comet ; but Encke remarks with 
reason, that each, of the causes enumerated by Bessel, would 
produce other effects which we do not notice in the case of 
the comet of short period. The grounds for adopting the 
Enckian theory of a resisting medium, are similar to those 
in favour of the Copemican system, viz : that it explains all 
the observed facts, and that no other hypothesis will. 

« Enckie assumes that the density of this medium increases 
as the square of the distance from the sun diminishes, and 
that it resists the comet with a force increasing as the square 
of the comet's orbital velocity increases. It is not known of 



what substance this resisting medium is composedy or by 
what means it maintains its distance IVom the sun. Some 
have supposed it to be the zodiacal light, or nebulosity which 
surrounds the sun ; others have supposed it to be the source 
of the periodical meteors, each of which has been considered 
an independent asteroid, revolring round the sun in Its own 
orbit, the average number of them, in any portion of spape 
increasing, by the same law as the resistance increases. 

Encke's comet will return to its perihelion early in August, 
1845, and late in Norember, 1848. In ,1845 ihe yisit will be 
under unfiurourable circumstances for observation. 

qambart's combt. 

This 'was disGovered on the 27tb of February, 
1826, by M. Biela t but M. Gambart, of Mar- 
seilles, first ascertained that its elements were the 
same as those of the comets of 1772 and 1806, 
and hence that its period was 2460 days, or about 
6f years. It is inclined 13° to. the ecliptic. Its 
eccentricity is 0.75 ; its least distance is 86, its 
greatest distance 586 millions of miles, being situ- 
ated between the orbits of Yenus and Saturn. 

It is possible that this comet, as well as Halley's, experi- 
ences the effect of the resisting medium. Halley's comet 
only approaches to the orbit of Venus, and Gambart's to that 
of the earth, distances at which Encke is unable to detect 
any resistance to the motion of his comet. Even if this me- 
dium extends beyond the earth, the elements of Halley's and 
Gambart^s comets are not known with sufficient precision to 
detect such a resistance. 

Gambart's comet was seen in its return to its 
perihelion in 1826, but not in 1839, verifying, in 
this respect, the predictions of Santini, whp found 
from a computation of its ephemeris that in 1839 



it would always be too nearly in the line joioifig 
the earth and sun, and too remote from the earth 
to admit of being seen. 

Santini has announced its return to its perihe* 
lion, February llth, 1846^ under favourable cir- 
cumstances. It is expected to be visible for a 
month or two before and after that date. 

COMETS SUPPOSED TO BB PSRIODICAL. 

Besides these comets of established period, there 
are several others^ supposed to be identical with 
former visitors. 

The comets of 975, 1264, and 1556, are found 
to have similar elements, as far as we can judge 
from the imperfect accounts derived from the an^ 
cient chronicles. If they are the same, the period 
is about 291 or 292 years, and the comet should, 
in this case, return in 1847 or 1848. This is, 
however, quite doubtful. 

The comet of 1680 was formerly supposed to 
have a period of 575 years. A very careful dis-* 
cussion of all the ancient observations, by Ehcke, 
is considered as conclusive against this supposition. 

The comet of 1770 was found, by Lexell, to 
have a period of 5^ years, yet it has never been 
seen since. La Place found that the action of Ju- 
piter previous to the year 1770 had so completely 
changed the form of the orbit of this comet as to 
bring it into view in 1770, though it had been in- 
visible before. After 1770, Jupiter produced a 
contrary effect, and caused it to revolve in an orbit 
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having its perihelion distance beyond Ceres, so 
that, perhaps, it will never again be visible. 

The great comet of 1843, which is fresh in our 
recollections, strongly resembledin its appeanikiee 
those of 1668 and 1689. It is also found that one 
set of elements, with a period of 21 f years^.^ill 
represent the paths in the heavens of the cooi^9 
of these three dates. If they are the same, it will 
return again about the beginning of the year 1865. 

Mr. Clausen of the Dbrpat Observatory, J^^. 
Capocci of Naples, and the astroi^omers of the 
High-School Observatory, in Philadelphia, eaeh^ 
without the knowledge of the others, have ex- 
pressed themselves in favour, of this short period. 
Capocci has even thought it possible that it m^ 
return three times in that term. 

Mr. Nicolai, of the Maaheim Observatory, has 
examined the effect of a shortening of its period 
upon its elements for 1843, and concludes that it 
is perfectly consistent with all that is know6 of 
its path in the heavens on that occasion. 

THE THIRD COMET OF 1843. 

This comet was discovered on the 25th of No- 
vember, 1843, by M. H. Faye, of the Paris Ob- 
servatory. It was re-discovered in this country 
on the 27th of December, by Mr. J. S. Hubbard, 
at the New-Haven Observatory. The parabolic 
elements of several astronomers being found un- 
satisfactory, M. Goldschmidt, of Gottingen, at the 
request of Gauss, computed, in December last, an 
orbit on the method of the latter, and found a 
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period of 6| years. M. Paye, in January, com-, 
puled an orbit on the same method, and found a 
period of 7| y^ars. The astronomers of the Phi- 
ladelphia High-School Obseryatoi^y have computed 
an orbit on a similar plan, from a series of obser- 
vations, including an interval of 61 days> and 
found a period of 6| years. The motion is direct, 
the inclination to the ecliptic is 11° 6'. The ec- 
centricity is 0.52. The least distance is 162, an4 
the greatest is 522 millions of miles from the sun. 

This comet can neyer approach within 60 millions of miles 
of the earth ; but its aphelion distance being a little greater 
than that of Jupiter, and occurring near the ascending node, 
when this event takes place while Jupiter is about entering 
the sign of the Scorpion, they may approach very near each 
other and remain so for the greater part of a year. This 
event occurred in the year 1840, at which time Jupiter's 
attraction for this comet was about a tenth part of the sun's^ 
and must have produced a considerable alteratum of its orbit. 

This heavenly body seems to form a connecting 
link between the asteroids and the other comets. 
Hitherto there was a well-marked distinction be- 
tween planets and comets. The eccentricity of 
the former was below one quarter, that of the lat- 
ter above three quarters. This body, with an 
eccentricity of one half, holds a medium rank, 
and removes one of the most distinctive features. 
In the degree of nebulosity of the surfaces of 
planets and comets there is also a gradation. 
Mars is more nebulous than the other old planets 
except, perhaps, the earth. Ceres is surrounded 
by a still greater nebulosity. Next in degree of 
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nebulosity are this ocmiet and those of Eacke and 
Ganibart. 

The position of its otbit in the heavens is quite 
nnstabie ; perhaps its present short period is owing 
to the action of Jupiter in 1830 and 1840. Ob 
some future occasion Jupiter may possibly cause 
it to move in such an orbit as to become invisible. 
Its fate would then resemble that of Lexel's 
eomet. 
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SEC. 23. 

ECLIPSES OF THE MOOIT. 

'Since the earth and the mooa are <qmqae bodie8» 
iPeccaviiig their light from the sad, and being both 
much SmiGiller than the 8un> they mast always 
cprry with thetn a shadow of a conical form, the 
axis of ti^hich is a line drawn from the centre of 
the sun through the centre of the earth or moon. 
When the moon passim through the shadow cf the 
earth it is wholly or partially deprived of the 
sun's light by the interposition of the earth: this 
pliendmeBdn k called an edipse of the moon or a 
lunur efdjpae; k cttn only happen when the moon 
18 in oppesitiooy or ni the time of full moon: if 
the tiAoon allraysmoved in theplane of the eclip- 
tic, it would pass through the earth's shadow itnd 
be eclipsed every full moon. But, as has been 
already stated, the lunar orbit is inclined to the 
plane of the ecliptic, and only coincides with it 
in two points, called the nodes; and she will be 
eclipsed at the full moon only when that occurs 
near one of the nodes, at other times she will pass 
either above or below the shadow of the earth at 
the tihie of her full phase. 

When the mooin is at such a distance from the 
-node, at the time of opposition, as to be only in 
pl&l^t involved in the shadow, the eclipse is said to 
be parliaL If the whole disc of the moon is ob- 
scured by the shadow, it is called a Mai 
26 
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And Avhen it is exactly in its node at the time of 
opposition, the centres of the sun, earth and moon 
all lie in the same straight line, and the moon's 
centre passes through the centre of the shadow; 
it is then said to be centrally eclipsed. 

The conical shadow of the earth terminates in 
a point about 3^ times the distance of the moon 
from the earth. The breadth of the shadow at 
the point where the moon passes through it is, on 
the average, about 2| times the moon's diameter. 

The apparent diameter of the disc of the moon 
is divided into 12 equal parts, called digits. The 
greatest eclipse of the moon may amount to 22 
digits ; this is called the quantity of the eclipse. 
' The duration of a lunar eclipse depends partly 
upon its quantity, and partly upon the velocity 
of the moon's motion across the shadow, which is 
the same as her motion from the sun. This mo- 
tion is swiftest when the moon is in her perigee; 
and the duration of a central eclipse will then be 
shortest, though the moon's diameter and that of 
the shadow, at the place where the moon passes 
through it, are greatest. The, longest duration 
of a partial eclipse is about 2 hours 18 minutes, 
and that of a total eclipse 4 hours i38 minutes. 

In Fig. 1, on the following plate, let S be the 
centre of the sun, E that of the earth, and a, b 
and c, the centre of the moon in its orbit, a por- 
tion of which is represented by the arc m, n. The 
space ^, T, h, included between the tangent lines 
.H, h, T, and G,g, T, will represent the shadow 
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or umbray and £, T, the axis of the shadow. The 
entire disc of the sun will be hidden by the earth 
from all points within that space^ The space be- 
hind the earth, included between the tangent lines 
H, gi n, and G» h, m, which touch the sun and 
earth on opposite sides, is called the penumbra ; 
it is a frustrum of a cone, only a section of which 
is represented in the figure. From any point 
within this frustrum, but not in the shadow, a 
part of the sun's disc only can be seen. ' 

When the moon arrives at the point m, she be* 
gins to lose sight of the sun, and in passing fix>m 
m to r the visible portion of the sun's disc dimin- 
ishes to a very small segment, near the point H ; 
the moon, as seen from the earth, grows more and 
more faint until she reaches the shadow, at which 
time the eclipse begins upon the eastern side of 
the moon. The eclipse ends when the mooa 
reaches the position a, where the western limb of 
the moon just touches the shadow. 

It'*i!i impossible to determine by observation the 
precise instant when a lunar eclipse begins or ends, 
in1,consequence of the shade of the penumbra 
blending into that of the umbra in such a manner 
as to render it difficult to distinguish the line of 
separation. Eclipses of the moon are, therefore, 
of very little value for astronomical or geogra- 
phical purposes. Every eclipse of the moon is 
visible at the same instant of absolute time, to all 
parts of the earth above whose horizon the moon 
is at that time situated. 
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ECLIPSES OF THE SUV. 

The nK>on» ivhen in conjunction, if near one of 
her nodes, is inlerposed between the earth and 
the son, and consequently hides the sun, either 
"wholly or in part, from us: this phenomenon is 
called an eclipse of the sun or a solar eclipse. 

These eclipses can only occur at the time of 
Bew moon, and not then, 'unless the moon is at or 
near one of her nodes, owing to the inclination of 
her <Mrbit to the plane of the ecliptic. 

In Fig. 2, S, M and E represent the centres of 
the<6ua. Moon and Earth ; the dark space between 
the linear a m and c mS represents a section of the 
moon's conical shadow which would terminate at 
b if it were not cut off by the surface of the earth 
at m m'. This shadow is surrounded, as is that 
of the earth, by a penumbra, of the form of a 
frHStBum of a cone, represented by the lighter 
space between the lines a n and c n'. 

Ab the moon moves in her orbit from A to^i^rds 
C, her penumbra moves over the earth's suriEice 
fiKim west to east, passing in succession over dif- 
ferent parts. At all places on the line traversed 
by the axis or centre of the shadow, the sun is 
centrally eclipsed ; and at all places near this line 
over which the shadow passes the eclipse is total f 
and at all places traversed by the penumbra, but 
not by the shadow, only a part of the sun's disc 
is obscured by the moon, and the eclipse is partial. 
The magnitude of the partial eclipse is in proper- 
26* 
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tion to the nearness of the place to the shadow. 
At the points n or v! the moon appears only to 
touch the disc of the sun. 

If the moon, at the time the sun is centrally 
eclipsed, is at such a distance from the earth that 
its shadow does not reach the surface of the latter, 
at all places on the line traversed by the axis of 
the cone, the edge of the sun appears as a bright 
ring surrounding the moon. This phenomenon is 
termed an annular eclipse. 

If at the time of conjunction the moon is so far 
from her node that her shadow does not touch the 
earth, the sun is not totally eclipsed at any part 
of the earth's surface; but those places passed 
over by the penumbra experience a partial ecUpse* 

The greatest breadth of the path of the shadow 
of the moon over the earth's surface is about 170 
miles. This occurs when the moon is in its peri- 
gee and the earth in its aphelion at the time of 
conjunction. When the nioon is in its apogee and 
the earth in its perihelion at the time of conjunc- 
tion, the eclipse, if there be one, is annular; the 
apparent diameter of the moon is then much less 
tbaa that of the sun, and the breadth of the anno- 
lus or ring is the greatest possible. The greatest 
breadth of the path traversed by the moon's pe* 
numbra when it falls perpendicularly on the sur- 
&ce, is about 4830 miles. An eclipse of the sun 
is therefore visible only to a small portion of the 
inhabitants of the earth, who see it diflbrently ac- 
cording to their different situations upon its sur^ 
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face. The greatest breadth of that part of iu 
surface at which an eclipse can be annular, is 
about 200 miles. 

The longest possible time that a solar eclipse 
can continue total, at any place, is 8 minutes ; 
and the longest time that an eclipse can continue 
annular, is 12 mlautes. 

When the moon at the time of coojnnction is 
19f° distant from her nearest node, there can be 
no eclipse ; if the distance is less than 13^^, there 
must be an eclipse for some part of the earth ; and 
if its distance is between these limits, a further 
calculation is necessary to determine whether an 
eclipse will happen or not. For eclipses of the 
mpon, these limits are much more narrow. An 
eclipse of the moon can never happen when she 
ift, at the time of opposition, more than 13^° from 
her nearest node, and an eclipse is certain only 
^hen she is within 7f ° of her node : between these 
limits the moon will sometimes be eclipsed, and at 
other times not. 

There can never be more than seven, nor less 
than two eclipses in a year. When there are but 
two, both are of the sun ; when there are seven, 
five of them are of the sun and two of the moon. 

In a series of 223 lunar months, the eclipses 
occur nearly in the same order and magnitude. 
223 synodic revolutions of the moon, and 19 syno- 
dic revolutions of her line of nodes, differ from 
each other only by about 0.46 of a day, so that at the 
end of this period the earth, the moon, the sun, and 



the moon*! ncNies, are nearly in the same relative 
positions as at the beginning of it. This period 
is 18 Julian years and 11 days, and in general 
there will be ia this space of time 70 eelipses, of 
which 29 are of the moon, and 41 are of the aan. 

This period was known to the Chaldean astro- 
nomers, by whom it was called the Saros. It 
used by them in predicting eclipses. 



SEC. 24. 

TIDfiS. 

The ocean, which covers more than one-half of 
our globe, is in continual motion, rising and fall- 
ing alternately without intermission. This eleva- 
tion and depression is denominated the tide^ and 
is occasioned by the influence of the sun and 
moon, more particularly of the latter. The rising 
of the tide is called flood, and its falling ebb tide. 
When the water has reached its greatest height, 
it is said to be high tide; and when after ebbing 
it has reached its least elevation, it is said to be 
low tide. 

The surface of the ocean rises and falls twice 
in the course of a lunar day, or 24h. 50m. 48s. of 
mean solar time. The average interval between 
two successive high or low tides, is 12h« 25m. 248. 

There are also two kinds of tides, each of which 
occur twice in a lunar month : the spring Udm 
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happen aboat the time of new and fall moon, and 
are higher than the ordinary tides ; the neap tides 
occur about the time of the first and last quarter 
of the moon, at which time the surface of the 
ocean at high tide is less elevated than at other 
times. The tides are also higher than usual about 
the vernal and autumnal equinoxes^ and highest 
at the latter period. 

The sea is observed to flow from the east to« 
"wards the west for about six hours ; theot, after an 
apparent rest of about a quarter of an hour, it 
begins to ebb, or retire, for about the same time* 
The rivers, which had their motion reversed, ret 
some their natural course; and, after anotheyr 
seeming pause of a quarter of an hour, the sea» 
ivhich has now fallen to its lowest pitch, begins 
to rise again. Thus it continues to rise and fall 
alternately throughout the year ; but with a dilBTer- 
ence in time of about 50 minutes every day, the 
same time that the moon varies in coming to the 
meridian of any given place. 

The retardation in the time of high water, how- 
ever, varies with the phases of the moon : it is 
least near the syzygies, when the tides are at 
their maximum, and greatest near the quadra- 
tures, when the tides are at their minimum. The 
variation in the distances of the sun and moon 
from the earth, and also their declination, have 
an elBTect on the retardation of the tides. When 
the moon has north declination, the tides are 
higher in northern latitudes when she passes the 
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meridian above the horizon, than when Ae passes 
below it : but when she has southern declination, 
the reverse of this takes place. 

If the earth were at rest, and there were no 
influence from either sun or moon, the waters in 
the ocean would be truly spherical. On the other 
hand, if the earth and moon were without jsnotiod, 
and the earth covered all over with water, the 
attraction of the moon would raise the water in a 
heap in that part of the ocean to which the moon 
was vertical; and there probably it would always 
continue. But by the rotation of the earth upon 
its axis, each part of its surface to which the 
moon is vertical, is presented to the action of the 
moon ; and thus are produced two floods and two 
ebbs in every rotation. 

The particles of watet under the moon are more attracted 
than the centre of gravity of the earth, in the inverse ratio of 
the square of the distances ; hence they have a tendency to 
leave the earth, but are retained by their gravitation, which 
is diminished by this tendency. On the contrary, the moon 
attracts the centre of the earth more powerfully than she at- 
tracts the particles of water in the hemisphere opposite to 
her ; so that the earth has a tendency to leave the waters, bat 
is retained by gravitation, which is again diminished by this 
tendency. Thus the waters immediately under the moon 
are drawn from the earth at the same time that the earth is 
drawn from those which are diametrically opposite to her ; in 
both instances producing an elevation of the ocean of nearly 
the same amount; for the diminution of the gravitation of the 
particles in each position is almost the same, on account of 
the distance of the moon being great in comparison with tfas 
earth's radios. 
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The distance of the moon from the centre of the earth is 60 
times the radias of the latter; and hence her distance ftom the ' 
surface of the ocean immediately under her is fj of her dis- 
tance from the centre. Now, since attraction varies inversely 
as the square of the distance, the*moon's attraction for the 
particles of water under her is f|{f of her attraction for the 
centre of the earth, or the former is about ^^^ greater than the 
latter; and on the contrary her attraction for the waters on 
the opposite side of the earth is nearly ^V ^^^ ^^^ ^^ ^^ 
traetion for the centre. Were the earth entirely eaveied by 
the sea^ the water thus attracted by the moon would assume 
the form of an oblong spheroid, whose greater axis would 
point towards the moon, since the columns of water under the 
moon and in the direction diametrically opposite to her, are 
rendered lighter in consequence of the diminution of their 
gravitation ; and in order to preserve the equilibrium, the axes 
9fP distant would be shortened. The elevation, on aoconnt 
of the smaller space to which it is confined, is twice as greftt 
as the depression, because the contents of the spheroid al- 
ways remain the same. The effects of the sun's attraction 
are in all respects similar to those of the moon's, though less 
in degree, on account of its distance : he therefore only modi- 
fies the form of this spheroid a little. 

If the waters were capable of assuming the form of equili- 
brium instantaneously—- that is, the form of the spheroid— its 
summit would always point to the moon, notwithstanding the 
earth's rotation ; but on account of their resistance, the rapid 
motion produced in them by rotation prevents them from as- 
suming at every instant the form which the equilibrium of 
the forces acting on. them requires. Hence, on account of 
the inertia of the waters, if the tides be considered relatively 
to the whole earth, and open sea, there is a meridian about 
30P eastward of the moon, where it is always high water, 
both in the hemisphere where the moon is, and in that which 
is opposite. On the west side of this circle the tide is flow- 
ing, on the east side It is ebbing, and on every part of the 

o* 



313 TIDBfi. 

meridian 90^ distant, it is low water. These tides must ne- 
eessarily happen twice in a day, since the rotation of the 
earth brings the same point twice under the meridian of the 
moon in that time ; once under the superior, and once under 
the inferior, meridian. • 

The mean force of the moon to move the waters 
of the ocean is to that of the sun as 5 to 2, nearly. 
Therefore, if the action of the sun alone produce 
a tide of two feet, that of the moon will be five 
feet. Hence, vfhen the sun and moon act jointly 
on the tides, which is the case at the change and 
full of the moon, they are stronger and run higher 
than at other times, and constitute the spring 
tides,: but when the sun and moon are 90 degrees 
apart, their attractive powers are opposed, and 
the tides are consequently weaker and lower ; and 
these are the neap tides. 

It has been already stated, that when the moon 
is in her quarter, the tides are at the lowest, be- 
cause the influences of the sun and moon counter- 
act each other ; that is, they act in difl^rent direc- 
tions ; the attraction of the one raising the waters, 
while that of the other depresses them. The 
moon of herself would raise the waters five parts 
under her; but the sun, being then in a line with 
low water, would keep the tide from falling so 
low there by two parts, and consequently from 
rising so high under and opposite to the moon, so 
that the height of the waters in the latter places 
would be reduced to three parts. 

The tides are known to rise higher at some 
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seasons than others; v^hich may be accounted for 
on the principle of the moon moving round the 
earth in an elliptic orbit, which brings her nearer 
to the earth at one time than at another. When 
she is nearest, h^r attraction is the strongest, and 
consequently it raises the tides most ; and when 
she is farthest from the earth, the tides are low* 
est, because her attraction is the least. 

But for what has been said, it might be sup- 
posed that the tides are highest when the moon is 
on the meridian, or due north or south. But how- 
ever just the theory, this is not the case experi- 
mentally. In open seas, as remarked above, where 
the water flows freely, the moon has generally 
passed the meridian about two hours when it is 
high water. This is owing to the impetus given 
to the waters : for even were the moon's attrac- 
tions to cease upon her arrival at the meridian, 
the motion of ascent given to the water would 
make it continue to rise for some time after ; and 
much more must it do so when the attraction is 
not withdrawn, but only diminished; as a little 
impulse given to a moving ball will cause it to 
move still farther than it otherwise would have 
done. 

The tides also answer not always to the same 
distance of the moon from the meridian, at the 
same place ; but are variously affected by the ac- 
tion of the sun, which brings them on sooner when 
the moon is in her first and third quarters, and 
keeps them back later when she is in her second 
27 
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and fourth. In the former case, the tide raised 
by the sun alone would be earlier than the tide 
raised by the moon ; and in the latter case, later. 

The greatest spring tide will happen when the 
moon is in perigee, if other things be the same ; 
and the succeeding spring tide, when the moon is 
in apogee, will be the least But as the efiect of 
a luminary is greater the nearer it approaches the 
plane of the equator, and as the earth is nearer 
the sun in winter than in summer, and still nearer 
in February and October than in March and Sep- 
tember, the greatest tides happen not till some 
time after the autumnal equinox, and return a 
little before the vernal. 

Although the highest tides are produced by the 
conjunction and opposition of the sun and moon, 
their effects are not immediate ; but, from the con- 
tinuation of motion, are greatest and least some 
time after their forces have ceased to co-operate. 
Hence the highest spring tides generally occur 36 
hours after the new and full moons, and the low- 
est neap tides 36 hours after the first and third 
quadratures. 

In places remote from the equator, the two im- 
mediately succeeding tides are unequal whenever 
the moon declines from the equator ; the evening 
tides in summer exceeding the morning tides, and 
the contrary in winter. For if the greatest eleva- 
tion immediately under the moon point to one 
side of the equator, the opposite greatest elevation 
will point as much to the other side ; and those 
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I places which are on the same side of the equator 

' with the luminary approach neareV to the great- 

t est elevation when she is above the horizon, than 

I to the greatest opposite elevation when she is 

i below it This inequality is greatest when the 

I sun and moon have the same declination, and also 

in places most remote from the equator. The 

nearer the place approaches the pole, the farther 

i is it removed from the greatest elevation on the 

opposite side of the equator; and the less tide, 

contiaually diminishing as the place approaches 

the pole, is at length lost altogether, so that only 

one tide occurs in the day. 

In open seas, the tides do not rise to very great 
heights, compared with what they do in wide- 
mouthed rivers, opening in the direction of the 
stream of the tide ; for, in channels growing gra- 
dually narrower, the water is accumulated by the 
contracting banks. The general elevation in the 
open sea is about 11 feet for spring tides, and 7 
feet for neap tides : yet at London the spring tides 
rise 19 feet; at the mouth of the Indus they are 
full 30 feet ; at St. Maloes, in France, 45 feet ; and 
at Cumberland, at the head of the Bay of Fundy, 
no less than 71 feet. This last is the highest in 
the world. 

Though the tides in open seas are at the high- 

• est about two hours after the moon has passed the 

meridian, yet the waters in their passage through 

shoals and channels, and by striking against capes 

and head-lands, are so retarded, that, to different 
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places^ the tides happen at all distances of the 
moon from the Meridian. Other impediments to 
the course of the waters arise from the shallow- 
ness of the seas in some places, the intervention 
of continents, islands, and straits between them, 
dsc. ; all which cause exceptions to the general 
rules here laid down ; but these can only be ex- 
plained from particular observations on the nature 
of the tides at particular places. 

Lakes have no tides, because they are generally 
so small that when the moon is vertical she at- 
tracts every part of them alike, and by rendering 
all their waters equally light, no portion of them 
can be raised higher than the rest. The Mediter- 
ranean and Baltic Seas have very trifling eleva- 
tions, because the inlets by which they communi- 
cate with the ocean are so narrow, that they 
cannot, in the short interval of the oceanic tides* 
receive or discharge enough sensibly to raise or 
sink their surfaces. 

Lines drawn through all the adjacent parts of 
a tract of water which have high water at the 
same time, are called co-tidal lines. 

The unit of altitude for a particular place, is 
the height of the maximum tide after the syzy- 
gies, being usually about 36 hours after the full 
moon. This is ascertained by measurement. For 
instance, its value for several places has been 
found as follows : 
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Comberland, Bay of Fundy 71 feet. 

Boston 11 '' 

New Hayen 8 '* 

New York 5 " 

Charleston, S. C. , 6 " 

The establishment of any port is the mean in- 
terval between noon and the time of high water 
on the day of new or full moon. When this is 
known, it may be used in computing the time of 
high water throughout the year. 

The great height of the tides in the Bay of 
Fundy is attributed to the meeting of the great 
northern and southern tide waves of the Atlantic, 
which here come together in opposite directions. 

Atmospheric tides undoubtedly occur, but they 
are too small and delicate in their nature to affect 
the barometer sensibly. 

27* 



APPENDIX. 



sijbdler's elements of the orbits op the principal 
stellar systems, or binary stars. 



Btellar System. 



pOphinchi.. .. 
3062StraTe... 
V Virginis .... 

\ Cancri 

f Herculis .... 

ri Coronae 

tf Corons 

cd Leonis 

t Ursae Majoris 
a Geminorum.. 
X Ophiuchi . . . 



Period in 
yean. 



Time of 
perihelion 
passage. 



92.870 
94.766 

145.409 
68.910 
31.468 
43.246 

608.460 
82.633 
60.460 

232.124 
88. 



1812.73 

1837.41 

1836.31 

1853.37 

1829.60 

1815.23 

1826.60 

1849.76 

1816.95 

1913.9 

1798. 



Mean year 
ly Motion. 



—232.58' 

+227.93 

—148.45 

—366.66 

—730.45 

+499.47 

+ 35.50 

+261.72 

—357.26 

— 93.05 

+245. 



Ascending 
Node. 



126° 65' 

15 3 

60 38 

1 28 

39 26 

24 18 

25 7 
135 11 

95 

23 5 

184 ' 



Inclina- 
tion. 



64<5 51' 
35 31 
24 39 
63 17 
50 53 
71 8 
29 29 
46 3y 
52 15 
70 58 
450-500 



Stellar System. 

p Ophiuchi 

3062 Struve 

Virginis 

Cancri 

Herculis 

Coronae 

Corone 

M Leonis 

I Ursffi Majoris. . . 
f» Geminorum . . . . 
X Ophiuchi 



\ 
I 

n 



Perihelion 


Eocentri' 


Semi axis 


from Node. 


city. 


Major. 


142053' 


0.4438 


4.192" 


135 27 


0.4496 


1.255 


78 22 


0.8682 


3.402 


266 


0.2349 


1.292 


262 4 


0.4545 


1.189 


261 21 


0.3376 


1.088 


64 28 


0.6998 


3.918 


186 27 


0.6434 


0.857 


129 41 


0.4037 


2.290 


87 37 


0.7972 


7.008 





0.37 


1.1 



Cube root of 

mass X ^y 

parallax. 

02044" 

0.0604 

0.1230 

0.0851 

0.1193 

0.0883 

0.0546 

0.0452 

0.1487 

0.1860 

0.05 

(am 
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/Truve's list of double and multiple stars, which, 
from their relative motions, are considered 
as physically connected together, or compos! no 
stellar systems. 

Class I. — ^distance of the components from C' to I". 



Certain. 


Probable. 


Suspected. 


36 Andromeda. 


7 Tauri. 


460 Strave Ceph. 


<a Leonis. 


Atlas Pleiad. 


1600 Strave. 


y Virginis. 


c Equulei. 


287 PiazziXVra. 


42 Corns Beren. 


2384 Struve. 




1819 Strave. 






fj COTODS. 






y Corons, 






X Ophiuchi. 






^ Herculis. 






^173 Strave. 






f Ophiuchi. 






4 Aquarii. 






3062 Strave 







Class IL — ^distance from 1" to 2^'. 



Certain. 


Probable. 


Suspected. 


. 12 Lyncis. 


b Cassiopeis. 
314 Struve Persei. 


1338 StraveLyncis 


J Cancri. 


1867 Strave Bootis 


1037 Struve. 


32 Orionis. 


73 Ophiuchi. 


£ Ursae Majoris. 


170 Piazzi VII. 


429 Piazzi XX 


74 Piazzi XV. 


1768 Struve Can. 


185 Strave. 


S Librs. 


93 Piazzi U. 




a Colons. 






2107 Strave Here 






9 Cygni. 






127 Piazzi XIII. 
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Class IIL — ^distance from 2* to 4\ 



Certain. 


Probable. 


Suspected. 


s Hydre. 


y CetL 


425 StruTe. 


y Leonis. 


301 Piazzi VI. 


258 Piazzi IV. 


» Leonis. 


81 Virginis. 


742 Struve Tauri* 


s Bootis. 


^ Herculis. 
49 Cygni. 


S Orionis. 


44 Bootis. 


84 Virginis. 


i Serpentis. 




39 Bootis. 


49 Serpentis. 




39 Draconis. 


/* Draconis. 




s Draconis. 


t Lyne. 




4' Cygni. 


5 Lyrs. 




26 Piazzi XX. 


^ Aquarii. 




15 Monocerotis. 


.2120 Struve Here. 




2309 Struve. 



Class IV. — oistanci fbom 4" to 8^. 



[ Certain. 


ProbaUe. 


Suspected. 


Castor. 


38 Geminorum. 


41 Aurigie. 


J Cancri* 


J Corone. 


1083 Struve. 


1263 Struve. 


1985 Struve. 


1121 Struve Offici. 


0* UrseeMajoiis. 


2725 Struve. 


«* Cancri. 


1 Bootis. 


^ Cygni. 


1311 StruveCancri. 


i Libre. 


546 Struve. 


21 UrsffiMajoris. 


p Ophiuchi. 


1804 Struve Bootis. 


1813 Struve. 




2776 Struve. 


2917 Struve. 




3024 Struve. 


.39 Eridani. 

583 Struve. 

625 Strqve. 
1690 Struve. 
2263 StmVe. 


• 


1 


2429 Strove. 
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Class. V. & VI. — distance from 8" to 16*. 



Oertain. 


Probable. 


Sagpected. 


tj Cassiopeis. 


14 Aurigae. 


670 Strove. 


1516 Strove, 


t Ononis. 


55 EridanL 


61 Cygni. 


X Bootis. 


26 Aurigie. 


i2760 Struve. 


e Equulei. 


19 Lyncis. 


23 Strove. 


248 Piazzi XXI. 


177 Piazzi XX. 


' 86 Strove. 


209 Piazzi XXII. 


/3 Cephei. 


•2708 Strove. 


288 Strove. 


2848 Strove. 


1 


» Leporis. 


221 Strove. 


! 

1 
1 

1 

1 

1 


S Sagitts. 


e Persei. 

663 Strove. 

719 Strove. 
1882 Struve Draco. 
2051 Struve. 

396 Piazzi XIX. 



Class VII. & VIII.— distance from 16" to 32^. 



Oortain. 


Probable. 


Suspected. 


100 Piscium. 


83 Leonis. 


J Piscium. 


1321 Struve. 


X Herculis* 


t Cancri. 


Draconis. 


X Cygni. 


1283 Strove. 


6 Herculis. 


248 Piazzi XXI. 


1575 Strove. 


251 Piazzi 0. 


1132 Strove. 


fc^ Urss Minoris. 


125 Struve. 


1616 Struve. 


2063 Strove. 


142 Strove. 




2703 Strove. 


447 Strove. 




51 Piscium. 


B EquuleL 




26 Ceti. 
101 Strove. 
k45 Strove. 
549 Strove. 
h UrssMajoris. 

44 Vir^inis. 


» 




2115 Strove Hero. 
250 Piazzi XIX. 
16 Lacerts. 






3039 Struve. 
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struve's catalogus of stars, which, from their 
proper motions, are considered to be physi- 
cally double, or stellar systejbis. 



r 



Name of Stellar System. 



61 

V 

P 
83 

I 

2 

5 

y 

43 

49 

X 

44 

66 

e 

9 
319 

88 

I* 
84 

33 

y 

a 
94 

4' 
13 

•7 
17 



^ys^}-. 

r?a8siopei8e . . . . , 

Ophiuchi 

Leonis 

Herculis ^, 

Ursse Majoris . . , 

Herculis 

Serpentis 

Virginis 

Corns BereniciB. 

Serpentis , 

Cygni 

Bootis 

Ceti 

Persei 

PiazziXI 

Piazzi XXII . . . . 

Leonis 

Cygni 

Virginia 



98 

? 

y 
$ 

38 
5 



Leonis 

Corons 

Aquarii 

Draconis .... 

Canum 

Corone 

Virginis 

Cell 

Piscium 

Castor 

Piazzi III. . . . 
Ursie Majoris 
Urss Majoris 

Coronas 

Serpentis .... 

Piscium 

LyrsB. •••... • 
Lyr» 



Distance of 


Annual pro- 


Components. 


per motion. 


16.0" 


617'' 


9.5 


119 


6.1 


113 


39.6 


83 


39.9 


80 


1.8 


74 


1.1 


66 


10.1 


64 


3.0 


53 


0.0 


45 


3.3 


43 


35.8 


43 


3.3 


41 


16.6 


40 


16.4 


37 


1.1 


36 


4.1 


36 


16.3 


34 


6.6 


34 


3.4 


33 


3.6 


32 


3.6 


31 


1.3 


31 


13.4 


39 


30.9 


37 


19.9 


34 


0.7 


33 


19.3 


31 


3.6 


31 


33.6 


19 


4.7 


19 


6.1 


18 


14.4 


16 


4.6 


. 13 


0.0 


11 


31.6 


11 


4.7. 


11 


3,6 


9 


3.0 


7 
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GENERAL TABLES 



OF THE 



PRIMARY PLANETS 





Mean Distance 
from tbe Sun, 
or Bemi-Axis. 


Sidereal Revo- 
lution in Mean 
Solar Days. 


Eccentricity in 
partaoftheSe- 
ini-Axis. 


Mercury 

Yenas 


0.3870938 
0.7233317 
1.0000000 
1.523691 
2.36148 
2.66946 
2.77091 
2.77263 
5.202767 
9.538850 
19.18239 


87.96928 
224.70078 
365.25637 
686.97964 
1325.485 
1593.067 
1684.735 
1686.305 
4332.58480 
10759.21981 
30686.82055 


0.2056163 

0.00686182 

0.01679226 

0.0932168 

0.088560 

0.255560 

0.0767378 

0.241998 

0.0481621 

0.0561505 

0.0466108 


Earth 


Mars. 


Vesta 


Juno* , , 


Ceres 


Pallas 


Jupiter 


Saturn. 


Uranus • • . 









Mercury 
Venus . , 
Earth... 
Mars . . , 
Vesta.., 
Juno. . . . 
Ceres . . . 
Pallas . , 
Jupiter . 
Saturn . . 
Uranus. < 



Mean Longi* 
tude. 



1120 16' 4.8^' 

146 44 55.8 

100 53 29.9 

233 5 33.9 

84 47 3.2 

74 39 43.6 

307 3 25.6 

290 38 11.8 

81 54 48.6 

123 6 29.3 

173 30 37.2 



Mean daily Mo- 
tion in Longi- 
tude. 



4* 
1 



5' 32.6" 
36 7.8 
59 8.3 
31 26.7 
16 17.9 
13 33.7 
12 49.4 
48.7 
59.3 
0.6 
42.4 



12 
4 
2 



Longitude of 
tbe Perihe- 
lion. 



74^20' 5.8" 
123 43 6. 

99 3028.6 
332 22 51.2 
249 1137. 

54 17 12.7 
147 41 23.5 
121 5 0.5 

11 7 38. 

89 8 20. 
167 30 24. 
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— > 


iDclination to 
the Ecliptic. 


Lonsitude of IGreatett Equa> 
the Aicending tion of the 
Node. Centre. 


Meicary 


7 6.9 
3 23 28.5 



1 51 6.2 
7 7 57.3 

13 2 10.0 
10 36 55.7 
34 35 49.1 

1 18 51.6 

2 29 36.9 
46 28.0 


45 57 9. 

74 51 41. 
0. 

47 59 38. 
103 20 28.0 
170 62 34.5 

80 53 49.7 
172 38 29.8 

98 25 45. 
Ill 56 7. 

72 69 21. 


23 40 43.0 
47 10.8 

1 65 27.6 
10 41 33.3 
10 9 26.7 
29 30 42.4 

8 47 68.2 
27 55 22.2 

5 31 13.6 

6 26 12.1 
5 20 32.8 


Venus 


Earth 


Mars 


Vesta 


Juno 


Ceres 


Pallas 


JnDiter 


Satam 


Uranus 







MeanDiaroeter. 


Volame. 


Ma«. 


Mercury 


0.391 
0.985 
1.000 
0.519 
11.225 
9.022 
4.344 
112.060 
0.264 


0.060 
0.957 
1.000 
0.140 
1414.2 
734.8 
82.0 
1407124.0 
0.018 


2065 

24886 

27812 

3731 

9541984 

2855511 

401526 

1000000000 
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Venus 


Earth 


Mars 


Jupiter. 


Saturn 


Uranus 


Sun 


Moon 







Density. 


Force of Gra- 
vity. 


Inteneity of 
Liffht. 




2.94 

0.923 

1.000 

0.948 

0.238 

0.138 

0.242 

0.252 

0.619 


1.15 
0.91 
1.00 
0.50 
2.45 
1.09 
1.05 
28.36 
0.163 


6.67 

1.91 

1.00 

0.43 1 

0.037 

0.011 

0.003 

1.00 


Venus 


Earth 


Mars 


JuDiter 


Saturn 


Uranus 


Sun 


Moon 



NoTB. — In the above Tables the Elements of the Orbits of Vesta, 
Juno, Ceres and Pallas, are for 1831, July 83d. Oh., Mean Berlin Time. The 
others are for 1800, January 1st, Oh., Mean Paris Time. 
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QUESTIONS TO PART I. 
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Sec. 1. 

GINSRAL DESCRIPTION d# THE SEAtSlTS. 

What is the fotm of ihe siirf&ce'oT the heavens as it appears 
i' a descr evening ? By what does this sarfkce appear to b^ 
bounded ? What is the line called in which this plane intersect^ 
the heavens 7 What bodies appear to mftifo- in this faoUoW 6iir. 
iaco? And in what direction ? 

Describe the course, pursued by a star which rises in the souths 
east Where does it set? What of the path of a starwhidi 
rises farther from the south point of the horizon ? 

What is the Zeiiith 7 What is tl^e Meridian, and to what does 
it correspond 7 How does it divide ,the. paths or arcs de8cribe<^ 
by the stars while above the horizon 7 Axe these arcs parallel ob 
inclined to each other 7 

What portion of a circle is described by the stara in difibreni 
parts of the heavens 7 By one which rise? near the north. point 
of the ho^izQja 7 Are there, any stajps which never set 7 What is 
their apparent course 7 What are they called 7 What is the 
star called about which they appear to revolve 7 What is the 
North Pole of the heavens? . 

How do these motions, &Ci, correspond when observed on difl 
ferent evcninsfs 7 

Describe the general appearance of the heavens as viewed 
l^eoi t^ earth^v.Wbvt is tHis m^oo eaUed 7 , What bodies 
•py?9T, to be fijiedf and wha^.hodies to move in the sur&C^ of tho 
celestial sphere ? How might the apparent diurnal motion of 
the heavens be accovp^d for^? , ,, 

"Sec. 2. ] 

FEELIMtlfAmT DEIf INITICNE. 

..What is the Axis of the Heaveni? VHiat are the N(urdi andf 
South Poles? V . 

What is the 6eU$tiat Equator? How does i{ interseci the 
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What are the Geometric Poles of the Equator 7 What b & 
Great Circle ? What are the PoU§ of any circle 7 The Poles 
•T a great circle ? 

How is ^very cirqle divided 7 How are Qefreos^ Mi»ate« and 
TSeconde marked T Illustrate the use of these symbols hy an 
ejuunple. 

What is a Deelinatiim CireU ? What are these drdea some- 
times called 7 

What are ParaUeU of Deelinatum ? 

WhulitftFsrttMiJ/^iie? 

What are the ZenUh and Nadir of any place 7 

What U the Meridian^ «f a. place? Where does k cot tlw 
bflrizon? 

What is a. VerHcal CiroU f The Primt VtrHcal? 

What is the Eeliptie? The OhUquity of the JEelipiie? Hie 
iBffiMMmet ? When does the Son pass them 7 How are ttej 
Mmed 7 Whera are the Polea of the Ecliptic 7 

What is the EipanocHal Colure 7 

^ Define Jl^^ Attenaion, How does it compare witii the kMU 
Hitnde of a place on the earth's surface ? How is it sometimea 
eetlmaled 7 How many degrees make an hour? 

What is the Declination of a heavenly body 7 When is it 
North and when South ? What Declination have bodies oo the 
Equator 7 To what is Deelinatum amtlogous 7 

How are Bight Ascension and Declination designated T 



Sec. 3. 

COITBTSLLATIONS. 



How were ttie heavens divided by the earl^ aetronomeiet 
What kind of names were given to the Constdktions 7 What le 
seidtif their antiquity 7 

How are the Constellations bounded on the maps 7 What are 
works of this kind sometimes called? What is the correct 
title? 

How are the stars in. each ConsteKaiien distinguished 7 Give 
an illustration. Mention some of the particular names of stacs. 
Repeat the Greek Alphabet. Write the letters. 

By whom were these letters assi|[ned to the stars 7 Do they 
per^ctly confi>rm with the classification of the stars in the order 
of Iheir brightness 7 What does this show 7 



Sec. 4. 

MAONITUDfiS OF THE STAR6. 

What can jou say of the Magnitude§ of stars ? The F%f»t 
Magnitade? The Secwd? The Sixth 7 How is this claasifica- 
tion extended to the telescopic stars ? 

How many Classes of telescopic stars does Sir John Herschel 
use 7 Of what magnitude are the smallest according to hia 
classification 7 What is Struve's Classification 7 Which Ma^ 
niludes axe tned in thi« book 7 

Sso. 5« 

A MORE PARTICULAB DfiSCftlPtlON OF THE STARRIT HSaVE^. 

Give aii account of the appearance of the starry heavetis on a 
dear evening. What causes the stars to tmnkU 7 Do they aH 
twinkle? What are those which do not called 7 Why 7 Why 
are the others called Fixed stars 7 Into what classes ard the 
flxed stars divided 7 How ntimeroils do they appear to be 7 Arb 
ttwy io in reality? What is the actual number viiibls at any 
time 7 How many are there in the whole heavens in the first six 
daMes 7 How is the illusion of the apparent oountlessness of Mie 
stars explained 7 Have the stars all been counted 7 What elde^ 
has been determined about them 7 What is required for obtain- 
ing a knowledge of the Stmr9 7 What for a knowledge <^ tha 
Earth? 

What of the number of stars revealed to us by the telesoopd f 
How do the six telescopic Classes compare with the first six 7 

How many stars of the sixth would it take to make onto to 
bright as a star of the first magnitude 7 How many of ^ 
twelfth magnitade must be grouped together to inroduce tile saliitt 
degree of brilliancy 7 

If all the stars were of the same size, what should be the dii. 
tance of those of the sixth, and what the distance of those of Ihe 
twelfth magnitude, compared with those of the first 7 If they 
were^ besides, situated at uniform distances in space, what ooiu 
elusion might be formed respecting their numbers 7 How many 
are there of the first class? Of the second? Of the third? 
Of the fourth? 

What is the probable number of the fifth magnitude 7 Of the 
sixth? 

How many might we expect to find in the several teleseopio 
classes? 
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How if this oonfinned bj obsenr&tion? How manj mora 
mi^ht we expect a telescope, more powerful than any heretofiire 
Qs^, to reveal to us 7 

What can you say of the groups in which the Stan present 
tbemselves? 

Seg. 6. 

OF TBB O0«BLa AND NULTIPLB aTAR.8. 

What of the tendency to the formation of groupSt as displayed 
on a close examination with the aid of a telescopic ? 

What was MitchelHi opinion with regfard to these double stars 7 
What was the result of the observations of the elder Herschel 7 
lyhat brilliant discovery did he make? How has this since 
been confirmed ? What discovery was afterwards made hj Sir 
William Herschel ? What of Struve's works on double stass ? 
What was done by Sir X F. W. Herschel? What pf £ncke^ 
rneUiod? 

How moiiy pairs and multiples of stars are there within 32'' 
of each other 7 To what tnxut this great prevalence of double 
and. multipl)^ stars be owing I By whajt name ar^ these distio* 
goished ? What are the systems composed of twQi th^ree, dpic, 
atars called 7 What other class of double stars is. tbiere ? iffrw, 
are these named ? 

Do the Binary stars revolve around each other 7 When are 
two stars said to revolve around each other 7 

By what force are the phywicaUy double stars acted upon T 
What comparison is made between tiiese and our solar system 7 

If we suppose an average to prevul in the size and brilliancy 
of the stars and in their distances a.part, how mai^y should we 
««cpect to find optically double in the first ei|fht magnitudes I 
What is the actual number of double stars m these classes 7 
How many of these should, by average, be optically doubfe? 
What of the remainder 7 What are the indications of ttiSs oon. 
nipcfon 7. 

Of the triple and multiple stars, how many are supposed to 
form physical systems? At what does Moidler estimate the 
qumber of binary and ternary stars ? 

Sep. 7. 

COMETS. 

V 

What is here said of Comets 7 



Sfic. 8. 

VARIABLE STARS. 

What are Variable Stars ? 

Despribe the star o CetL What is iti period ? What was its 
time of greatest brilliancy in 1844 ? Hov does its increase of 
light compare i^ith its decrease ? 

Describe 4JpL What of its vioiisitades of light 7 What k 
its colour ? What is tl^at of the other variable stars? 

What is it9 period ? Who disoovered this star to be yariaUis 7 

What can you say of the variable star in the Lion ? 

What of that in the Virgin? 

Who discovered the variableness of the star in the Crown f 
What is the peculiarity of this star ? 

What can you say of Rom Algethi ? 

Mention some other variable stars. 

What is the prevailing colour of variable stars 7 Which ph<^» 
of light lasts longest 7 What star forms an exception to these 
rules? 

What causes have been assigned for this remarkable variation 
of light 7 

What circumstance induced Hippa,rchus to make the first cata- 
logue of stars 7 Give an account of the star which appeared in 
A. D. 389. What of the new star seen in the ninth century 7 
Give a description of the one discovered by Tyoho BrahOt What 
other new stars can you mention 7 

Is it probable that any stars have disappeared 7 ^ow did 
Newton account for this 7 

Sec. 9. 

NEBULA AND CLUSTERS OF STARS. 

Mention some of the most remarkable dusters of stars. In 
what does the Milky-Way ajwmwl 7 What are these portions 7 

What can you say of the number of stars in some of these 
sppt^? What wa^ Herschers idea in reference to thepositipn 
o'f our sun 7 

Give an account of the probable character of the Milky- Way. 
To what class of nebultp may it belong 7 What must then be 
the position of o|ir system to enable us to see it as we do? 
Why 7 

What, does the nebulous region of the heavens embrace? 
Where is the most nebulous part of this zone? 
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What are Re$olvahle Nehulm ? What of the Bumber of vtan 
contained by some of them 7 

How great is the distaaoe ^f these cloaters 7 What of the 
irregular clusters ? How were these regarded by Sir William 

Herschel 7 

Ate an the objects of this class resolvable into stars ? Why 7 

What are hre$ohable Nefntla 7 Describe them more particu- 
larly. What are the most remarkable examples of this class 7 
Describe them. Describe the axiiralar nebula in Lyra. 

Describe the Planetary Nebula. What of their dimensions t 

What is the fbnrth class ? Describe them. What are Nebu' 
Zovf filUrrt ? Mention some cxamj^eS. 

Describe the Zodiacal Light. Tn what list of stars does this 
seem to place our sun? What 4^ the variety of fomaaa of the 
stellar nebulas and nebulous stars 7 

What of the distribution of the nebula over the heavvna 7 
What analogy is there between the double and multiple sebidB 
and the binary and multiple stars 7 

What is the number of nebula at pvssent known 7 WhU are 
Mrs. Somerville*8 views in regard to this nebulous matter t 

Sec. 10. 

DESCRIPTION OF TBI MAPS. 

Give a general description of the first two Maps. 

What do the next five represent 7 

Describe the eighth and ninth. 

What of the next five 7 

What is the use of the fifteenth 7 

Sec. 11. 

DESCRIPTION OP THE C NST ELL ATI O H8. 

Platk IIL 

Name the Constellations in Plate IIL 

Describe Ursa Minor. What of the magnitudes of the stars 
in it 7 Tell the names of the principal stars. Describe the Pols 
Star. Give the history of this constellation. 

Where is Cepheus situated 7 How may it be known 7 What 
are the names of its principal stars 7 Give its history. 

What is the situation of the Dragon 7 Where is the Polo of 
the Ecliptic? What of the magnitudes of the stars of this 



stellation 7 Of what does the head' consist 7 How many coils 
are there between the bead and tail, and' wbai of tkmmt Wiiat 
•UuTA ace near the tail 7 £br wiiat ia tbe star «t renavkable 7 
Mention the pioper n^m^i of the prii^clpal starv*. What i& th« 
iabulous history of this constellation 7 

By whom was the eoisteUatioA <tf tb« IiMar4 IbmMd? 
What 9i Honorw FrMiepiei 7 

Who estaMlshed the coDstellatian of tiie Gtey-Honnds T What 
names have been given to the two HomidB 7' What of the star a t 

What can you say of the eimsldUltlloor of t h e M ttr a l' Quadrant 7 
How may the Swan be known 7 Where does it Jie 7 In what 
is it very rich 7* Give the names of the principal stars. Where 
UthedMih|e.8tar««6]iCyfni"sltoated? IXasciibeit Fop what 
-will it be forever memomble ? What is> tbeit distance &om the 
caMrth7 In what time dofis their lig;bt reaeh u>7 I&thM sup- 
posed to be the nearest star 7 To what do the brightest prebabijf 
•we, in a great meaeure,, their great bcilU»nci7 What giroti 
discovenes have resulted from researches after the parallax w the 
fixed stara 7 What is the history of tibisi ooaalf llatian^? 

Fl^iTK IV. 

Name the Constellation^ in Plafe IV. 

What are the names of the principal stars in the. Gr^at Bear 7 
What is the Great Dipper, or CJuirles* Wain ? Which are the 
PoifUer§ 7 How can the rigjit hinder leg. be found? The left 
binder foot 7 The right fore.foot 7 

Who instituted the constellation. Gustos Messium? Where 
does, it lie 7 

When and by whom was Camelopardalis instituted 7 Wliat 
does it contain 7 

WhereisCasaiQfBia.7 What are< the pctncipai stars 7 Which 
is the brightest of these 7 How oaa thft position of the Nerth 
Pole be determined, by it? What remarkaUe discovery did 
Tycho Brahe make in this constellation? What is said of the 
utar M 7 Relate the ftibulous history of this constellation? 

What of the Little Lion, its. situation) Slg^ 
By whom was the Lynx instituted 7 

Where is Persens situated?. What are the prineipal stars? 
How may Algenib be reoognizsd? How Alg^? For what is 
Algol remarkable? Describe it? Give tlie history of Persens 
and Medua's Head. 

By whom, and in memory of what, was the Remdeer estab- 
lished 7 - Where is it situated 7 

Where is I^ersch^Ps Tdiesoepe situated 7 
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PukTB V. 

Kcme the OomtilktiQiw in Plbts V. 

How iMf Peiftmhs be ktunm T What are tbii pHfteiptl'stftnif 
How may r in the need be ibuild 7 Ho# 9 ? Kellcte fh6 fable 
of PegasuB. 

Where doet the Mwtellation Attdromeda lie ? What tit tfao 
three principal etara 7 How are they situilted 7 Mention iecne 
of the other stars with their situations. What four stars form 
nearly a square 7 Relate the &ble. 

Where is the oonstellation of the Triangles 7 What is the 
principal star 7 
How is the Fly situated 7 Of what is it composed 7 

How are the Fishds conneoted7 Where Kre they siteatifd? 
Relate the fable* When does the stm enter this sign 7 

How is Aries, or the Ram, recognized 7 What are tke princi* 
fkl stars 7 What is its fkbalous history 7 When does the son 
eMt«j» this sign?. What do^s thii entrance constitute? What 
oocurs at the polds at tkh tinUe 7 What of the days and nights 
at this peridd 7 Wlttt is tiie position of the sun Ht this titti^? 

Pla*!^ Vr. 

Name the ConstellatiortB' in Plate' VI^ 

What at¥ the two princi^ial stars in Auriga ? If ow nfiay ihii 
constellation be etisily recognized? What other small triangle 
is there 7 What is the history of the Charioteer 7 

Name the most remarkable stars in the Bull. Where is • and 
what is it sometimes cdled 7 How may it be known ? Where 
are ^, y and <7 Describe the cluster called the Hyades ? What 
elhet remarkabfo group of stars is there in this coikstellation ? 
How large a space does it occupy 7 How many stars does it 
contain 7 What are the names of the principal stars T £k>w 
many of them ar6 visitaie to the naised ey« 7 ReUUe the ftUc of 
'i^ms. That of the Pleiades. ThU of th» Hyad^ Wbett 
does the son enter Taurus 7 

What are tbiB prfhcipal stars in the Crab 7 Where is Prtesepe 
or the Manger 7 Describe it Gi^h the iabtiliMis hbtofy of this 
constellation 7 When does the son enter Cancer 7 

Which is the most beautiful consteBation in the hcnTcns? 
What of the antiquity of Orion 7 Name the principal ctariL 
How are a, fi and y situated 7 How a, c and { 7 What dm they 
form 7 What do «, a, y and /? form 7 How is the tUnri fimncdT 
What stars are in the shield 7 Where is the star r, and what is 
said of it? Where is the great nebula? Describe it . Wlia* 
change does it appear to be undergoing 7 In what does this co^ 
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steBatiqn abound ? What is th« peculiarity of tbase nebuloiv 
atan 1 How does Hcrscbel account for their Tariatione 7 What 
is the history of Orion 2 

How is the constellation of the Twins distin|riiiahe4 7 Whsve 
any, (and a 7 Where is the star |i situated 7 Relate the fable 
of Caator and j'ollttx. When does the sun enter this sign 7 
By whom was the Unicom introduced 7 Where does it litf 7 
How is the Little Dof diatinguiafaed 7 What kind of a trian. 
gle does Procyon form with and y of the Twins 7 What is . 
the history of this constellation 7 

Pl^TE VII. 

What Constellations are represented in Plate Vll. 7 

Where is Bootes situated 7 What are its principal stars? 
How may Arcturus be found 7 Where are the stars n and (? 
Where are y, 19 and i 7 What figure do they form 7 Where is • 7 
Relate the history of thb constellation 7 

What can you say of Lyra 7 What of Vega t What are the 
other principid stars 7 Where is this constellation situated? 
What stars in it 'Ibrm an equilateral triangle t Relate the fiible 
of the Lyre. 

What are the principal stars hi the contftfeQation Hercules T 
Where are they sttuated 7 In what line are a, ^ and ir 7 What 
«re the situations of ^ ^» « and 1 1 WherB is /3 7 What are tile 
magnitudes of these stars 7 What Interesting relation is there 
lietween emr system and this constellation 7 . Who first conceived 
tiie idea of this motion 7 Towards what point is our system 
ascertained to be moving 7 With what Telocity 7 Gite the his- 
toty of Hercules and the Gbrbems. 

Where is the Northern Crown situated 7 What are its tWo 
frincipal stan 7 How may it be recognised f What hi its his- 
tory? 

WfaeMisth«PolisiiBaU7 What of it? 

Plato VIIL 

Name the Ooostelktioiis in Plate VIII. 

What are the names of the principal stars in the Great Lion 7 
Aow niay Regulus and y be found 7 What stars form a eunre 
on the neclL 7 What constitute the Sickle 7 Where is Dcnebola 7 
Tell bow the other stars aoay be Ibund. What is this s^ sup. 
loosed by the fabulisU to be? When does the son enter it? 

What are the principal stars in the Virgin ? What can yon 
oaj of Spica? What do Spioa« Arcturus and Denebola Ibrm ? 
Tell how the other stars are pointed out. How is tho imd 
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narked? Give an account of the stellar ayatem of Virginia. 
Explain the drawing of ita orbit What else can yon aaj of this 
pair of aUra 7 Relate the faUe of the Virgin. When doea the 
aaun enter thia sign 7 

Describe Coma Berenioea. What ia ita appearanee to tho 
naked eye 7 Deacribe the pair of atara represented in the cvC 
What ia the Ahuloaa history of Berenice's Lock 7 

Wbera U the Sextant aitttated 7 Bj whoaa was it inatiftiited 7 

Flats IX. 

Name the ConateHationa of Plate IX. 

Who inatitntod the constellation Antinona? What atara does 
it eontain 7 How maj they be found 7 

Where is the Eagle aituated 7 Whftt are ita prinoq»al atavvT 
How may it be found 7 

Where do the Scalea lie 7 Name the princip^ atara. How 
may « be found 7 Where is ^ 7 With what stars does it fi>rm a 
nearly equilateral triangle 7 MThat ia the. histoij of thia sign? 
When does the sun enter it? What then occurs 7 

What are the principal stars in the Serpent-Bearer 7 Riipiain 
the method of finding the stars of this conateUation* What tqm 
form nearly a rectangle 7 Explain the cut of r Ophiuchi. Wlwt 
of the steUar system p Qphiuchi 7 What ia its period 7 Ham 
does its orbit compare with that of y Virginia 7 Give a full de» 
scription of thia systemi its peculiarities, importance, dtc Relafta 
the fiible. 

Where is the head of the Serpent^ and what atam doea it •«•• 
tain 7 Where are a, ^ and < 7 How ia the direction of tlio tail 
indicated 7 What ai9 the names of the principal stars in Iks 
Serpent? 

Where is the Dolphin sitnaAed 7 What figure is fivmsd fay 
the four principal stars? What star lies south-west of the 
rhombus 7 Relate the faUe. 

Where is Equiileus situated 7 How maj it be known 7 What 
is this asterism said to represent 7 

Ify whom was Sobieski's Shield inatitnted? Where is itT 
How may it be found 7 

Where is the Solitary Thrush, and by whom was it eatafalisbedT 

Where ia the constellation of the Fox and Goose sitnstoif 
What else cfLXt you say of it 7 

Where U Sogitta, or the Arrow? Relate the ftble oT^Ib 
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Name the Confltellaticmfl in Plate X. 

What are the principal etars in Sagittarius 7 Where does it 
lie ? Where is the Bow, and how is it liniked 7 Hew is thft 
Arrow marked 7 How does it point 7 Give the history of this 
ANMtelktion. When does the san enler this sign 7 

Name the principal stans in the Seorpioa. Where ii Antares? 
What stars are west of it 7 What of the stars in the eJtramily 
of the tail 7 What is the fabulous history of this ^pi 7 When 
does the sun enter it 7 

Where is Lupus, and what can be said of it 7 

Wliere is the Altar situated? 

What is the situation of the Rule and Square 7 By whom 
was it instituted 7 

Where is the constellation of the Telescope 7 

Wheie is that of the Southern Crown 7 

Plate XI, 

MentsoM the Conatcllationtf in Plate XL 

What ailB the pi'idcipal stars in Aquarius? Describe the 
fljuures fi»rn^ed by these with « and n; What stars are in the 
Urn 7 Relate the fable. When does the sun enter this sign 7' 

Name the principal stars in Capricomus. Where does this 
constellation lie 7 What are the situations of the stars in it 7 
Gift the history of this sign. When does tlie sun enter it 7 

Where is the Southern Fish 7 ^y v^at star is it disCingiiished 7 
What does Fomalhaut form with fi and c 7 

Where is the Balloon situated, and by whom was it introduced 7 

Where is the Microscope situated 7 

What can you say of the consCdlation of the Crane 7 

Whem is the Phoenix 7 

Where does the constellation of the Sculptor^ Tools lie? 

Where is that of the Indian f 

What can you say of the six last named constellations ? 

Plato Xtl 

Name the Constellations in Plate XII. 

What are the principal stars in Cetus 7 How m«r the heAll 
and neck be known ? How may the other stars be found ? 
What four form a parallelogram ? What is the history of thf^ 
sea-monster? 

29 
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Where is Eridanus 7 What am the most important stan f 
Where may this constellation be traced 7 How may the prinei** 
pal stars visible in our latitado bo. foiud 7 Sdbte th« laUtb 

What is the 6Hii»tio». of the Hare 7 By what four stMai maj 
Iti be known 7 WhAi a^ the. other stars^ tmd. wham 7 

Wfaere^ is Harpa Georgii 7 

How is the Soeptre of Brandenbur? sitaatedt Of wlM dbes 
itconsiM? Bf Whom was it formed 7 

Where is fhe Chemi^ Apparatus ? 
Where hr the Electrical Machine t 
Where is the £Uayer.7^ 

Where is the Clock 7 Of what are the last six constellatiw 
composed? 

Fulte XIIL 

What Constellations are represented in Plate Xttl, 

Name the most important stars in. the Gr^-eat Dog, Wllere k 
it situated 7 What of Sirius 7 Where are y and 01 What of 
6, i and n 7 What do {, ^, a and < form 7 Relate the fable. 

What are the principk starm of the 8hip> Amo? Whftt cfCSa- 
iiopus7 How may the prow of the- ship be know»? Eiqplain 
the method of findiii|r the other priBci|al. stiurs* Gi«o lliahii- 
fory of thia constellation. 

Where is th» Doye situated 7 

Where is the^ Cat? 

Where is the PaikitefV EaMft 

Whexo i» the Frintkif Press 7 

Where is the Compass t' 

Plats XIY. 

Name tiie CbnstefintiiNis in Pliite TOV. 

What is the extent of the constellatioir Hydra t Wm majr 
Che head he known .7 Wtat it & eiili«l, and ndtere ie it t How 
is Che first coil marked T Describe th« coune of IIm Wattftflnr 
pent Relate the fiible. 

Where is the Cup! How may it be ibund? What of ita 
principal stars 7 Gire its history^. 

Where does the CenUor lie 7 What of it 7 Give the hiatorj. 

Where is the Crow situated, and how may it.be recoraMlT 
What it H» history 7 

Where is the Air-Pump situated, and by whom wm it u 



Where it Charles* Oak, aiul b^ K^iom was it placed in the 
beaTens? 

What can 70a say of the Cross 7 What c^f diese two and th« 
CKmilteUations &Ttfaer «dnth ? Give Hie aaanes of the latter. 

Describe the two Black doods. / 

Describe the two Southern Clouds. 

CALENDAR O^ THfi STARS. 

Note. — In studying this calendar the student should have fki. 
q«ent reierence to the maps, and to the heavens. The calendar 
tut ihe middle of the month m^y be adapted to any other day of 
the -same month by allowing ifour minutes for each day hefsxe <Mr 
aller the £fteenth. Thus, the calendar for January is a repre. 
sentation of the heavens as they appear at half past nine oVlock 
on the 15th day, and as each star rises lour minutes earlier «a<eh 
day than the preceding, tiiey wifl evidently be in liie same «ttta. 
tions on the first of the month one hour later, or at half fMiit teit 
o*clock ; and on the 30th of the month at half past eight o'clock 
in the evening, or an hour eaYlier. 



QUESTIONS TO PART II. 

Sfia 1. 

What are the planets? Why are ibey to «idled ? WiMitof 
tiMnr jxraitioois t 

How many planets are there ? Which of them wvre kfiowit 
to the anteients? What of the ctimr five? WiMt disooveited, 
and what are their names 7 What are primary pianstS'? Whal 
other bodies are tiwre oMuie^ted with Idiese 7 Of what is the 

7 



Soc. 2. 

THE PfOLBMAIC SYSTEM. 

What was the supposi^n of the ancients in regard to tlie 
planetary system 7 What difficulties did they encounter 7 

What Wftii the system called, and by whom was it received? 
What did Pythagoras maintain? How long did this systent 
hold sway ? 
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Seo. 3. 

THS COPfi&NICAlf SYSTEM. 

When was the Gopeniicui Sjritem first jHromuI^ted ? Who 
was its author ? What is the arranfement of the bodies in this 
system? 

What is the earth now proTed to be ? 

What was supposed to be the fotm of Ihe earth in the earliest 
ages ? What first induced people to consider it a sphere ? 

What other evidences have we of its spherical fi>nn ? Is the 
oarth a perfect sphere t 

What is the aspect of the heavens with reference to the hori* 
ion of a spectator upon the earth's surface ? Suppoainif the 
earth to be stationary, with what velocity must JKune of the fijcedl 
stars move ? What then must be the true cause of the appaienC 
diurnal motion of the heavens ? 

Deseribe the aftparent motions of the planets. Are these ap> 
pettaoces wal 7 How can they be ezj^ained 7 

Seg. 4. 

DEFINITIONS. 

What are Planets 7 Into what two classes are they distin- 
guished 7 

What is the centre of motion of the primary planets? How 
many of this class are there 7 Give their names and charaeten. 

What are secondary planets 7 How many are there 7 Aboat 
which of the primaries do they revolve ? 

Whai is the orbit of a planet 7 Where is the earth's orbit 7 
What are Nodes 7 What are the two Nodes called and how 
^re they marked 7 

. What is jneant by the t«na Aspect 7 What is Conjunctioii t 
|¥hat is Oppotttion 7 

What are the Sysygies? The Quadratures ? 

When is a planet's motion said to be direct? When 

What is a Digit 7 Define a Disc. 

What are Geocentric latitudes and longitudes? 

What are Heliocentric latitudes and longitudes ? 

What is the Apogee ? What the Perigee ? 

What is the Aphelion ? What the Perihelion ? What 
these points sometimes called ? What is the Line of Aftidfls t 
What is the Eccentricity of an orbit 7 
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What U an OeeolUtion 7 What a Transit ? 

What is an Eclipse of the Sun ? What is an Eolipse of the 
Moon? 

What is the Elongation of a Planet ? 

What is a Diamid Are 7 A Nocturnal .^re ? 

What are the elements of the Orbit of a Phmet 7 

Sbo* 5« 

KBPIfBR's LAWS. 

- What eukires do the planets desoribe abocft the son 7 At what 
p«iAt is the sun sitaated 7 What can yon say of the paths «f 
comets? 

Define the Ellipse. What is |h6 Trassinerse A3ds7 What 
are the Foci ? What is a Radius Vector 7 

By whom and how was this law discorefred 7 What is meant by 
a Conic Section 7 When is it a circle, and when an ellipse 7 
What is the Eocentricity of an Ellipse 7 What is a Parabola 7 
What is an Hyperbola 7 

What is Kepler's Second Law 7 Explain it 7 When has a 
planet its g^reatest velocity 7 Row does the velocity vary ? 

How may this property be illustrated by experiment 7 

What is Kepler's Third Law ? Give the example. 

Does this law extend to the secondary systems 7 

Sec. 6. 

THB NEWTONIAN THEORY OF GRAVITATION* 

What can you say of Sir Isaac Newton's discovery ? 

What force causes the moon to revolve around the earth? 
What is said of the extent of the influence of this force 7 In 
what proportion does the force of gravity between two particles 
diminish 7 How does it increase 7 

What can we infer from this law of gfravity 7 Explain. 

What is said of the extent of this law 7 What knowledge 
may be derived from this fact 7 What did Bessel determine con* 
oeming the stellar system 61 Cygni 7 

Sec. 7. 

TBS 8UN. 

What can you say of the sun 7 To what class of heavenly 
bodies does it belong 7 Why does he appear so much brighter 
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and larger than the fixed stars ? What is his distance from the 
earth ? How long would it take a cannon ball to reach the sun 7 
How does he compare with the other fixed stars in that respect ? 

What is the figure of the sun ? His diameter ? His bnlk ? 
In what time does be revolTQ about his axis ? How is this uds 
inclined ? Towarde what points ia it directed ? 

What is ttie sun supposed by some philosophers to be ? What 
18 Sir William Herschers hypptbdait ? What causes the dark 
spots ? What the brighter spots ? What are these spots called T 
What has been ascertained from observationa of these spots 7 

What other aing ular phenomenon accompanies the son 7 De. 
■cribe it What ia it supposed to be 7 What doea Profeasor 
Olmsted suggest 7 

What is the Ibroe of gravity at the sun 7 How iar doea a 
body fall during the first second of time 7 What would the phjm 
sicai power of our men avail them there 7 What of the sun aa 
aa haoitation ? 

What ia the proper motion of the aun, and towards what point 
is it directed 7 What is the Uranographlcal effeot of this bkk 
tion? 

Relate the fable. What ia the astronomical sign of the aun 7 

Ssc. 8. 

MflRCURY. 

Which planet is nearest the sun 7 In what time doea it revolva 
around the sun 7 In what time about its axis 7 What doea thia 
constitute ? Why ia thia period uncertain 7 

What is Mercury's distance from the sun 7 At what rate doea 
it move in its orbit? What is his diameter? What his appear- 
ance? 

What are Mercury and Venus called 7 Why 7 What are the 
other planets called 7 Which of the planets can never be in op- 
position ? What is their inferior conjunction 7 What their 
superior 7 

How ftr can Mercury depart from the sun 7 What of hia 
phasea? 

What is a Transit of Mercury 7 At what seasone can tbej 
occur 7 Mention those which will occur during the remainder 
of the present century. 

What do the phases of this planet prove 7 

What is its density 7 Ita masa 7 

What can jou say of the seasons of Mercury 7 What of thm 
intensity of its light 7 What is the apparent diameter of the 



«m ai Msn ftwm Meiearj 7 What is ti.e TarSation in the length 
of its day ? 

How large does Venus appear from Mercnry ? How does the 
•arth appear 1 How the other planets ? 

How does the weight of a body at Mercury compare with its 
weight at the earth ? How long is the seconds pendulum there f 
What can you say of the compression of this planet ? 

. What was Mercury considered to be by the mythologists t 
What is the astronomical sign of this planet? 

Sbc 9. 

YBNUS. 

What is the distance of Venus from the sun ? In what time 
and at what rate does she revolve around him ? What is the 
time of her diurnal rotation 7 What is her magnitude ? 

What is the appearance of Venus, her phases, spots, Sec, 1 

What of Venus* apparent diameter ? Explain the drawing* 

What can you say of the difference in her seasons 7 

How &r does this planet ever recede from the sun 7 When is 
•he called tiie morning star and when the evening star 2 How 
long does she continue to be one or the other 7 

What can you say of the telescopic appearance of Venus ? 

What of its-Transits 7 At what intervals do they happen, and. 
in what months 7 Give a list of all the Transits from 1639 to 
ibe 22d century. 

What can you say of the observations of that of 1769 7 What 
ve«ralt did Encke deduce from them 7 

What is the intensity of the sun*s light at Venus ? What is 
his apparent diameter ? 

Which is the most brilliant body in the evening sky of Venus? 
How does our moon compare with Mars there ? What of the 
phases of the earth 7 What of the eclipses of our moon, and iU 
Transits over the earth*s dise 7 

What of the weight of bodies at Venus 7 

Sec. 10. 

THE BAftTH. 

How fiir is the earth from the sun ? What is its diameter 7 
Its drcomference 7 Its surfaee 7 What is its mass 7 What is 
its density 7 

What ia the figure of the earth 7 What was the opinion of 



ike ancianU in B9f ^ to this f H«w is Ihe f h w riosl Hmm 
proved 7 How has the flatness of the earth at the poioB beaa 
ascertained 7 

What is the centrifugal force at the eqoator ? If tlie veloci^ 
of the earth was 17 times as great as it is, what would bodies 
weigh at the equator ? 

How does the compreised form of the earth a£foct ths wvigkit 
of bodies on different parts of the surfiice 7 

What can you say of the fidl of a body in the flfst «e««B4f 

What of the length of the seconds pendolam 7 

What are the sensible motions of the earth 7 Describe the 
mmraal reyolution. Describe the diurnal rotation and its eflbeta. 

What are the insensible motions ? 

How is the alternation of day and night produced 7 How 
may this be illustrated by experiment 7 

At what places are there but one day and one night 7 How is 
it with places within the polar circles 7 Explain wis. 

What can you say of the twilight in the polar regions 7 WImI 
of the light of the moon 7 

Upon what does the variety of the seasons depend 7 What 
constitutes a tammer season, what a winter, and what a spriiif 
or autumn 7 

What are the seasons in December 7 What in March and 
flsptemiier 7 

How are tbe changes of the seasons illustrated by the dia|;imm 7 

What can you say of the earth's satellite f How dees the 
earth appear as seen from the moon 7 When we have new aoom, 
what phase does the earth present to the moon 7 

What is the Atmosphere 7 How does it affect the rays of 
light? What would be the appearance of the heavens by day 
withoat it 7 What are produced in it 7 

What can you say of its density 7 What of its height 7 Its 
weight ? 

What is the mass of the atmosphere 7 What would be its 
height if its density were the same throughout as at the earth's 
sur&ce 7 What is its greatest possible height 7 Why 7 How 
does i^« temperature vary at different heights 7 

How does the atmosphcne affect the apparent positions of the 
heavenly bodies 7 

What is the amount of refraction at the horiaoii 7 What «| 
45<> of altitude 7 What in the zenith 7 

What constitutes wind 7 How are clouds tad ram pwdased I 



What can you say of the |KMiitioD 9f the axis and of the pole* 
with regard to the earth itself? What of the position of the 
axis in space ? What circle is deserfhed by the north pole, and 
in what period ? Give the list of north polar stars. How long 
has our present pole-star held that rank, and how long will it 
eonttnue to hold it ? 

What can you say of the south polar stars ? 

With what consequence is this change in the position of the 
axis attended ? 

What will be the position of the celestial equator 1^,000 jmn 
hence? 

. Give an acoount of the second variatioB. 

What is meant by a perturbadon of the motion of a planet ? 

What is the third variation ? When is the earth nearest the 
son ? When will this happen 58 years hence ? When will it 
happen 10,000 years hence ? How will this afieot the duration 
of dM seasons ? How the teoafperature ? What is the eooentri- 
city of the earth's orbit ? 

Wliat is the astronomioal lymbol of the earth 7 

Sec. 11. 
satellites or moons. 

What can you say of the proximity of the moon ? Of i^bI 
do we know the existence, and of what the absence ? 

Wiiat have the satellites in common with their primaries 7 

What can you say of the times of rotation ci the satelMitea 
about their axis ? What follows from this ? How is this of ad- 
vaAtage to them 7 

What other consequence of the equality of their periods of 
rotation and revolutiott can you mention 7 Define UifrtUivn, 

What is the largest body in the firmament of a satellite 7 Is 
it visible firom all parts of the seeondary ? 

What can you say of the phases of the primary 7 Their pe- 
riod ? Give a more particular account of these phases as they 
ajppear from different parts of the surface of the moon* Wliat 
can be said of eclipses of the sun as they occur ibr eaeh satellite 7 
What of the eclipses of the primaries 7 

Which are best tiapted for observations of the heavens^ tii« 
primaries or the secondaries 7 

How does the force of gravity at the surfaces of the mooBS 
compare with that at the surfaces of the primaries 7 

What is said of the importance of this element? What is the 
ratio of the forces of gravity at the sun, the earth and her pooon? 
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Sec. 12. 

THB MOON. 

To what class of bodies does oar moon belong 7 Whenet 
does she receive her light and heat 7 Around what bodies d«i«s 
she revolve 7 At what rate does she move around the earth, sad 
at what distance 7 In what time does she complete this revolu- 
tion 7 What is this called 7 What constitutes a «idereal revolu- 
tion, and in what time is it performed by the moon 7 

What is tile mooA^s diameter t How does her bulk comparo 
with that of the earth 7 What is the direction of the moon's 
apparent motion, and to what is it owing 7 In what direction 
does the moo» actwiUjr move ? How may this be ascertained ? 

In what time does the moon revolve about her axis 7 What is 
the consequence of this 7 What causes a slight variaUoo in tlie 
fua which she presents to us 7 What is the moon^s libration in 
longitude 7 Its amount? What m her Mbrftiion in latitvAs? 
To what does it amount 7 

How many days and nights has the moon in ime of our lunar 
months 7 Of how many of her days does her year consist? 
What of her seasons 7 

What can you say of the light which the earth reflects upon 
the moon? 

Give an account of the variation of the phases of tite moon. 

When does the disappearance take place? What is this 
called ? What j^ase does she present when she is in opposition ? 
Heur does she appear when in iter quadratures 7 In what is she 
then said to be ? 

On which side is the illuminated part from the change to the 
fhll? 

What is an eclipse of the tun, and what an eclipse of the 
moon 7 When can the former occur 7 When the latter ? Why 
do eclipses not occur at every new and full moon ? What is the 
greatest number thai can occur in a year 7 What the least ? 

What can you say of the harvest moon ? 

What of the full moon as seen through a telescope ? When 
are the mountains best observed 7 

How must the heavens appear at our moon ? Give an account 
of the advantages of clear sky, &.c., possessed by the moon. 

How large does the sun appear when seen from the moon 7 
How large does the earth appear 7 

What is the length of the day at the pole of the moon 7 How 
fkt below the horizon can the sun descend 7 How and where 
would it be possible for a person to attain perpetual sunshine 7 
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WbattttlsleagthoftlMliiBuuryeax? Whai of tho difference 
of the seasons ? Why 7 

When the moon is totally eclipsed at the earth, what occurs, at 
Umbioca? What pbeoomena occur at the moon when at the 
earth the ibllowingr happen, viz : a partial eclipse of thtf moon, a 
passage of the penumbra of tiie earth over the moos, n tslil 
•cfipee of the sun, an annular or partia} eclipse •# tlM sun ? 

What can yon say of the oeeultations of the fixed stars fay Ifiw 
euth? 

How does the earth constitute a time-piece fyr the mootti • 

Give a general description of the character of the surface c£ 
the moon. How high are some of the mountains ? ' What tan 
you say of the mountain ranges ? 

What of the circular ranges of mountains? What 4» ti^y 
resemble ? What are walled planes 7 

Which is the deepest cavern in tiie moon 7 Describe it. 

]>esGribe the crater.fi>rmed elevations. Are the volcanoes be- 
lieved to be ia action or extinct 7 What is supposed to be the 
cause of their present inactivity 7 

describe the oentral mountains. 

Desariha the spot called TychtK Why are the spots eaJUkd 
•eas„ lakes, gulfii, &c. 7 What names have been given to many 
of these objects ? 

Mention the heights of some of tiie mwmtaia a 
What is the astronomical sign of the moon T 

Sk. 18. 

How may Mars be known in the heavens T Whenee does this 
ptooeed? 

Haw far is Mars from the sun ? At what rate does he mof^ 
and in what time does he make a revoltrtioii aroimd the son 7 
What is his diameter 7 What his form 7 How doee hie siae at 
the opposition compare with that at the coBjanetiett? Why? 
What of the Hght and heat at Maie? 

How does Mars appear ^en viewed through a teleseope? 
What is the in^ination of the plane of his oihtt 7 What ia that 
of his axis 7 What are his greatest and least s|ipafanti riis»B 
ters? What are his volume, hie deneity^ his mass? What 
voald a. body weighing a pound he^e, weigh at Mars ? 

What can yon say of the spota an this. surfiMO of thia plaaot, 
•ad of their oanao.7 
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Trom what is the esistenee of an atmotpheni inlbmd 7 0b. 
■eribe the epot at the louth pole. 

What is the period of rottftion of Maiv 7 
, iiow many martial days are there in his year 7 What are liw 
hmffiiB of the seasons respectively? 

What ooMsioBs this great inequality in the lengths of the aea^ 
mmBl Into what zones may the sur&oe of Mars be divided 7 
What can you say of the inequality of the days at Man 7 

Which «f the planets are Inferior with respect to Mars 7 De- 
toribe the appearance of the heavens fhnn Mars. 

How large doee the sun a]^ar there 7 

Towards what points are hi» poles directed ? 

Wbit ia thv astroiiomical aign of Mars ? 

Sec 14. 
vmmtA* 

By whom and when was Vesta discovered ? What is its ^i* 
pearance ? Its diameter ? What is its distance from the son 7 
iUt period of revolution ? What is the inclination of her otlfttt 7 
Wnat else can you say of this planet? What is its symbol'? 

Note. — The above questions may be applied to Juno, Geres 
and Pallas, Sections L5, 16 aod 17. 

Sbc. 18. 

GENERAL REMARKS CbNCliaiiNd THE ASTEROIDS. 

What was Dr. Olbers* idea^wilh'fespect to the origin of Ceres, 
and to what did it lead ? 

What remarkable conjecture had Professor Bode made previ- 
ously to the discovery of Ceres ? On what ground ? 

What knowledge have we respecting the magnitudes, rotations 
and positions of the axes of the Asteroids 7 Which is the largeet 7 
Wh«t is the sur&ce of Vesta ? 

To what is our information concerning these bodies confined 7 
Which of the orbits are most eccentric ? 

What are their inciinatioBs ? What name has been given lo 
tiwra in- canaequeDce of this 7 

What are their mean distaaees? 

What are their periods of revolution 7 What can yon say of 
thedistances and periods of Osres and Pallas 7 Do they nMirs 
in the same path 7 How do their orbits differ 7 
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Oescribe the appe&rance of the heavens as seen from Urn 
Asteroids. 

I^M). 19. 

JUPITER. 

What is the mafpiitiids of Jupiter 7 In wh»X time dees it 
make a revolationi and what is his distanee from the sim ? What 
is his rate of travellingr ? 

In what time does he rffvel^ iliout his axis 7 How does his 
rotary velocity oompare with tiiat of the earth 7 Of what does 
his year consist? How does his equatorial compare with his 
polar diameter? Of what is this a. oonsefMBce 7 

What cam yowr say of the density and mess of Japiter ? 

What is tiie foree of gravity at his snrfilce 7 

Is the weight of bodies the same on all parts of Jupiter^s sor* 
ftce ? What is the cause of this di^rence ? 

W%at can you say of the centrifugal force at the equator of 
Jupiter 7 What is the length of the seconds pendulum at his 
e q w a terr AihiapalBe? 

What can' you say of the ^ference of seasons at Jupiter t 
Why is it so slight 7 

' Wkat is the hilemitf of lig^ and heal there? Hewfarge 
does the sun appear there ? 

- With what veloctty ' do the stars appear to move there 7 

What can you say of the view of Saturn from Jupiter ? How 
large does it appear 7 What of the transits of the inferior 
planets 7 

Describe the belts of Jupiter. How many are sometimes seen 7 
What aid they supposed to be 7 
Give an account of the spots upoa JupUer^s sus&ge. 
Wlwt eaii y»tt say of the bright sp^ sometinef seeit? 

How many moons has Jupiter? Who discovered them? 
•What ase their periods of revohitioii 7 WiMi csn yon say of 
the eeKpses of these moons 7 Of what praotical use aw they te 
us 7 What important hiw of light have tiiey been the mean* of 
.damonatrattng 7 

What is the greatest ornament of Jupiter's sky 7 Whai aie 
apparent diameters 7 What else may be said of them 7 . 

What portion of the primary can be seen fft>m one of these 
flSS^nsT 

In what direction do the satellites revolve? In what planes? 
How do they appear to move when viewed from tiie eafth? 

80 
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How often are the first three satellitef ecUpaed? Bgw o^ea 
It the foorth^ At what intervals does the first suffer a total 
eclipse? 

What can yoa say of the amoont of Japiter*s moonlight 7 

What portions of his surface have no moonlight ? 

What of the retrograde motion of Jupiter 7 

What heatenty bodies may be obserred at Jupiter 7 

Relate the ^bolous history. 

See. sa 

Which is the tenfb ^net firem the sun ? What Is Ids mean 
distance 7 His dianeter 7 His veloctty 7 His period oif rei^o- 
tion? His time of rotation? Tbo indination of his orlut? 
How is bis axis inclined to the |dana of bis orbit 7 

What is the spparent diasieter q€ 8atam 7 Describe the rii^iu 

In what plane do they lie? By what are they sepanutod? 
What is their thiokness ? 

Describe Saturn as represented in the fiyjitpiuii. Fnm what 
is it evident that the ring is a solid opa)|«e snbstanoa7 ¥^it is 
the position of the axis 7 

What ean you say of the paraUelisn of tht axis 7 Ib what 

time do the rings rotate 7 In what plaae 7 

How is their plane incUned to the ecliptic 7 What ar« the 

nodes of the ring 7 Where are they 7 Under what form d* the 
rings appear to us ? Give an account c^ the variationa in the 
form of the rings, their disappearances. How often does the 
ring disappear from our view ? How does the ring vary after 
the planet has passed one of the nodes? What is its form wh«i 
the planet is 90^ from the node 7 MThat is the ratio of the two 
diameters then 7 f^splliin the figtue. 

. Are the riBga of wiifbrm thickness' and density thmiigiioiit? 
What is the position of the centre of the ring 7 

Describe the spectacle praaeated by the rings of Satnm to tba 
Inhabilants ef tint planet How do they appear to thoae aa tte 
eqvater 7 How to the inhahitaBts ef the polar regiona 7 

How are the rings illuminated during one half ofSatom^ 
year? What Is the conditioo of the porfioa of the sor&oe of 
the planet towards the sun? What is that of the poitioa Ifiag 
Bnder the dark side of the ringe? 

Of how many days does Saturn's year coosbt? Whalaia 
the durations of its seasons? What is the intensifty of l^fat 
there 7 How lBig;e dees the sob appear thave 7 
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What is the force of gravity at the poles of Saturn ? What is 
the length of the seconds pendulum there 7 What is it at the 
equator? 

What can you say of the apparent diurnal motion, &C., of the 
stars for Saturn ? 

How many satellites has Saturn 7 What can you say of their 
magnitudes 7 

What is the peculiarity of the phases of these moons, and what 
is the cause of it 7 

At what intervals does the first satellite pass the meridian of a 
given place on the surface of Saturn 7 Explain it 

At what seasons can the eclipses of these moons occur 7 Dur- 
ing what length of time will the innermost satellite be eclipsed 
at every full moon 7 How is it with the others 7 How often do 
these satellites cause eclipses of the sun 7 

What can you say of the appearance of these moons from the 
earth 7 What of the most distant 7 In what time is it supposed 
to make a rotation about its axis 7 What of the first three 7 
How were they seen by Sir William Herschel 7 

What can you say of the orbits of these satellites 7 

Sec. 21. 

URANUS. 

By whom and when was Uranus discovered 7 What name did 
he give it 7 By what other name was it called by foreigners 7 
What was the reason for calling it Unmus 7 

Describe this planet 7 

What is its mean distance from the sun 7 His diameter 7 
Hb bulk 7 What is the inclination of his orbit 7 

What is the period of his revolution around the sun, and what 
is his velocity 7 What is his time of rotation 7 

How much light does this planet receive from the sun 7 

How large is the sun as seen firom Uranus 7 

What can you say of the situation of Uranus in regard to ob- 
servations of the other bodies of the system 7 What bodies are 
visible in his heavens at midnight 7 

Is this planet much nearer any of the fixed stars than we are T 

What can you say of the annual parallax of the fixed stars at 
Uranus 7 

What is thq greatest peculiarity of the Uranian system 7 
What can you say of the phases of these moons 7 
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What of the eclipses of these moons and of the son 7 Darisg 
what length of time will there be no eclipses ? 

What is the density of Uranus 7 What of the weight of bodies 
at its sur&ce ? 

What constitutes our whole knowledge of these bodies ? 

Sec. 22. 

COMETS. 

What other class of bodies belong to our system besides the 

primary and secondary planets ? 

What is the number of comets on record ? What of the first 
450 of these 7 What of the rest 7 How many comets are esti. 
mated to have visited our system since the creation? What 
estimate may be formed of the number, including those too ftr 
off to be seen at the earth 7 

Of what three principal parts is a comet composed ? What 
can you say of the head 7 Mention the diameters of the heads 
of some comets. 

What of the nebulous envelope 7 

What is the tail 7 Is it ever wanting 7 What is then the 
shape of the nebulous envelope 7 What can you say of the 
curved tails which some comets have 7 

Have comets ever more than one tail 7 What of the comet 
of 1823 7 That of 17447 That of 1811? 

What can you say of the comet of 371 years b. c. ? That of 
43 years B.a7 What was it supposed to be? What does Se- 
neca say of the comet of a. d. 60 7 What of the comets of 1403 ? 
How long was the tail of the comet of 1456 ? Describe the tails 
of the comets of 1618, 1680 and 1689. Describe the comet of 
1744. What was the length of the tail of the comet of 1843 ? 

Mention the real lengths of the tails of some comets? 

To what do the tails of comets owe their origin 7 What is 
their general character 7 

Do comets shine by their own light 7 How is the nebnloas 
envelope supposed to be formed 7 What is probably their condi- 
tion when farthest from the sun ? 

What is the effect of the heat of the sun as the comet ap- 
proaches it ? What is said of the nature of these substances 7 
What is the force that governs the distance of the particles ? To 
what force is the formation of the tails attributed 7 Explain it 

In what case is the tail long and narrow 7 When the comet's 
head and the cometary repiSsion are greater, what is the form 
of the tail? 
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What becomes of the particles that form the tails of comets ? 

What was the opinion of the ancients concerning comets ? 

What was the effect of the appearance of Halley*s comet, in 
1456, on the minds of the people ? 

Is it probable that comets have any effect upon the seasons ? 

What other source of apprehension is there ? Is there any 
probability of the head of a comet striking the earth ? 

If such a shock should occur, what might be the consequences ? 
What is said of the mass or weight of many comets ? 

How does the comet of ] 770 cpnfirm this ? 

Are the elements of the orbit of a comet the same as those of 
the planetary orbits ? Which of these cannot generally be de- 
termined for a comet ? 

What is the average of all the inclinations of the planes in 
which the comets move ? 

What is the shape of their orbits ? 

In what curves do all comets probably move ? Why ? Why 
do astronomers sometimes derive hyperbolic orbits ? 

What was the orbit of the comet of 1843, as computed by ob- 
servations made at the High School Observatory ? 

What is the estimated average period of revolution of comets ? 
What number of comets have been observed and their elements 
computed ? 

What is the period of Halley^s comet ? What is the inclina- 
tion of its orbit? What is its least, and what its greatest dis' 
tance ? What is its eccentricity ? Why is it named after Hal- 
ley ? How long does it remain within tlie orbit of the earth 
when at its perihelion ? How near may it approach to the earth ? 

Mention the dates of the supposed appearances of this comet, 
and the circumstances attending some of these appearances. 

When was its first certain appearance ? Describe it When 
was its next ? When its third ? What can you say of its 
£>uith, in 1682 ? 

What period did Halley assign to it ? When did he predict 
its return ? When did it return ? By what was it retarded ? 
What is said of its return in 1835, and of our knowledge of its 
period? 'x 

When was Olber's comet discovered ? What is its period ? 
Its inclination ? Its least distance ? Its greatest ? Its eccen- 
tricity ? When will it return to its perihelion 7 

What is Eucke's comet sometimes called ? What is its pc. 
riod? Its inclination? Its eccentricity? What are its least 
and greatest distances ? 

30* 
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Ry whom and when was it disoovered ? Who first ascertained 
its period ? By wliom had it been seen 7 What of its returns 
from 1825 to 1842 ? How did it appear in 1838 ? 

What did it furnish Encke the means of determiningr ? How? 

What resistance does this comet encounter while it is within 
t})e orbit of Venus ? 

How does this affect its period 7 How its mean distance ? 

What theory does Encke resort to for a cause for these changte? 

What are the grounds for adopting this theory 7 

Give a more particiilar account of this theory 7 

When will the next returns of Encke*s comet take place ? 

Describe Gambarfs comet What are its period, Inclination, 

&.C.? 

When was this comet last seen ? Why was it not Tisible in 
1839 7 

When is it expected to be visible again 7 

What is said of the comets of 975, 1264 and 1556 7 

What of that of 1680 7 

What of that of 1770 7 How did La Place account for this ? 

What is said of the great comet of 1843 and its probable 
period 7 

Describe the third comet of 1843. What is its period accord- 
ing to various authorities 7 What is its inclination 7 Its ecceif- 
tricity 7 

What is said of the influence of Jupiter on this comet ? 

Between what does this seem to form a connecting link 7 

What is remarked of the position of its orbit in the heaven^ 7 

Sec. 23. 

ECLIPSES OF THE MOON. 

What kind of shadows must the earth and moon carry with 
them around the sun 7 Why 7 What constitutes a lunar eclipse T 
At what times only can they happen 7 Why do they not happen 
every full moon 7 

What constitutes a partial eclipse 7 When is the eclipse said 
to be total 7 When central 7 

Where does the shadow of the earth terminate 7 What is its 
breadth at the point where the moon passes through it 7 

What are digits 7 What is meant by the quantity of an 
eclipse 7 
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On what does the duration of a lunar eclipse depend 7 What 
is the longest duration of a partial eclipse 7 Of a total eclipse 7 

Explain the figure. What is the unibra 7 What is the pe- 
numbra ? 

When does the moon begin to lose sight of the sun ? When 
does the eclipse begin as seen from the earth ? When does it 
end? 

What renders it difficult to distinguish the line of separation 
between Die umbra and penumbra ? Are these eclipses of much 
importance ? 



BCLIPSEB OF THB SUN. 

What causes an eclipse of the sun 7 When can these eclipses 
occur ? Why do they not happen every new moon 7 

Explam the figure. 

At what places is the sun centrally eclipsed 7 At what places 
is the. eclipse total? At what places is it partial? Upon what 
does the magnitude of the partial eclipse at any place depend 7 

What is an annular eclipse 7 

If^ at the time of conjunction, the moon is so far from its node 
that the shadow does not touch the earth, what takes place ? 

* What is the greatest breadth of the path of the shadow of the 
moon over the surface of the earth ? . When does this occur 7 
Of what kind will that eclipse be which happens when the moon 
is in its apogee and the earth in its perihelion ? What is the 
greatest breadth of the path traversed by the penumbra when it 
rails perpendicularly on the surface of the earth ? Is an eclipso 
of the sun visible to all the inhabitants of the earth ? Do all see 
it alike ? What is the greatest breadth of that part of the sur- 
face at which the eclipse is annular 7 

What is tlie longest time that an eclipse can continue total 7 
How long annular ? 

What are the limits for eclipses of the sun 7 What are they 
for lunar eclipses ? 

How many edipsCs can there be in a year ? How few 7 Of 
which kind are these two ? When there are seven, how many 
are of the sun 7 

How do the eclipses occur in a series of 223 lunar months 7 
Explain this. How many eclipses are there in this period? 
How many of these are of the sun ? 

What was this period called by the Chaldeans 7 
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Sec. 24. 

TIDES. 

What is the tide 7 What causes it 7 What are the rising and 

falling tides denominated 7 What is the average interval between 
two successive high or low tides 7 

What are spring tides 7 What are neap tides 7 When do 
they occur ? At what seasons of the year are tlie tides higher 
than usual 7 

Describe the motions of the waters of the sea, rivers, &€., dar. 
ing the rising .and falling of the tides. 

What variation in the time of high water occurs each day 7 

When is tlie retardation in the time of high water least, and 
when greatest 7 What other circumstances have an effect on the 
retardation of the tides 7 What of the tides when the moon has 
a north declination 7 What when her declination is south ? 

What shape would the waters in the ocean assume, were there 
no influence from either sun or moon, and the earth at rest ? 
What would be the case if the earth and moon were without 
motion 7 

How does the moon cause the particles of water immediately 
under her to rise 7 How those diametrically opposite 7 

How much greater is the moon*s attraction for the water im- 
mediately under her than for the centre 7 

If the earth were entirely covered by the sea, what form would 
the waters attracted by the moon assume 7 Which is the greater, 
the elevation or the depression 7 How do the effects of the sun's 
attraction compare with those of the moon's 7 , 

Does the summit of the waters point towards the moon 7 
Why 7 How fat from the meridian under the moon is it gene- 
rally high water in the open sea 7 On which side of this meri- 
dian is the tide flowing 7 How is it on the east side 7 How is 
it 90° distant 7 How often must these tides happen 7 Why ? 

What is the ratio of the forces with which the sun and moon 
move the waters 7 How do the spring compare with the neap 
tides 7 What constitutes the former 7 What the latter 7 

Why do the tides rise higher at some seasons than at others 7 

What is the interval of time between the moon*s passing the 

meridian and high water 7 
Do the tides always answer to the same distance of the moon 

from the meridian, at the same place 7 How are they afiected 7 

When will the greatest spring tide happen 7 When the least T 
At what seasons of the year do the greatest tides occur 7 
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Do the highest tides occur just at the time of new or full 
moon ? How long after 7 

How do the evening tides compare with the morning tides at 
places remote from the equator ? How is this explained 7 When 
is this inequality greatest? To what does it amount at the 
poles? 

Where do the tides rise highest 7 How is this accounted for 7 
What is the general elevation of spring tides in the open sea 7 
What is that of neap tides ? How high do the spring tides rise 
at Xiondon, the mouth of the Indus, St Maloes, Cumberland 7 

Is it high water at all places when the moon is at the same 
distance from the meridian? What impediments are there to 
the course of the waters ? 

Why have lakes no tides 7 What is said of those of the Medi- 
terranean and Baltic Seas ? 

What are Ovtidal Lines ? 

What is meant by the Unit of Altitude of a place 7 What aro 
those of Cumberhind, Boston, New Haven, New Torkt Charles- 
ton? 

What is meant by the establishment of a port 7 . 

To what is the great height of the tides in the Bay of Fundy 
attributed ? 

What is said of atmospheric tides ? 



QUESTIONS ON THE MAPS. 
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Plates I. & II. « 

Note. — These two plates contain the principal stars in each 
constellation, connected together by lines which form a variety 
of geometrical figures. The inner circle is divided into degrees 
qf Right Ascension, and the outer into twelve parts, correspond- 
ing to the months of the year. The latter division is intended 
to show what i^ars pass the meridian at nine o^ctock in the even- 
infi^, at any season of the year. Thus, on the first of January 
all the «tars in R. A. 56° will be on the meridian at nine o'clock ; 
those having a few degrees more R. A. will be found a little east, 
and those having a few degrees less, a little west of the meridian. 
Aad on the 10th of January, all the stars in R. A. 66° will be on 
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the meridian at nine o'clock in the evening. To a penon in 
north latitude, the stars surrounding the north pole within a dia- 
tanoe from it not ezceedin|r the ktitode of the place, will be 
always visible ; and thoee within the same distance of the sooth 
pole will always be invisible to him. 

It must be remembered that Right Ascension is reclioned from 
west to east, in ascertaining the directions of the stars on the 
map from one another and from the meridian. 



What coiisteQations are on the meridian and above the horixon 

of Philadelphia, (latitude 40^ N.), at nine o*elock in the evening, 

on the 1st of January ? On the 26th of February ? On the 5th 

. of May ? On the 15th of August ? On the 30th of November 7 

What constellations are always above the horizon of PhiladeL 
phia 7 What are always below it 7 What stars lie within 10^ 
of the equator on the north 7 What on the south 7 What stars 
lie on the ecliptic 7 Through what constellations of the northern 
hemisphere does the ecliptic pass 7 Through what southern con- 
stellations does it pass 7 

Plate III. 

Name the constellations on this plate. How are the Grey- 
Hounds bounded 7 What part of the Great Bear lies north of 
them 7 What is the extent of this constellation in Right Aaoen- 
sion 7 What in Declination 7 What are the R« A. and Dec of 
a or Cor Caroii 7 

By what constellations is the Little Bear bounded ? What is 
the brightest star in this constellation 7 What figure do the 
principal stars form 7 Draw it, and give the names of the stars 
composing it. 

How is the Dragon bounded 7 What are the R. A. and Dec 
of the head 7 Mention the principal stars in the head. What 
part of the Dragon lies between the Pole Star and the Ljre 7 
Where are the other coils 7 Where is the tail 7 

Where is the Quadrant 7 How is it bounded 7 

How is the Swan bounded 7 Give the situations of a, /}, y, ^, 
and c, and their Right Ascensions and Declinations. What figure 
do these five stars form 7 Which two point towards the Pole 
Star 7 What is the extent of this constellation in R. A. 7 What 
in Dec? 

What small constellations lie east of the Swan 7 How are 
they bounded on the north 7 How on the south 7 What is eas4 
of the Glory of Frederic 7 What west 7 

How is Cepheus bounded 7 What ^gnre is fimned by /I, m and 
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9 7 What by a, 9 and ;( ? In what Declination are a and n ? 
What stars are in the Crown ? What three small stars are on a 
line with ^ 7 What four small stars torn a rhombus between fi 
and the Little Bear 7 

Plate IV. 

Name the constellations on this plate. 

How is Cassiopeia bounded ? What are the five principal stars 
and what figure do they form? Which is nearest the pole? 
What, is the R. A. of ^ ? What three stars lie near the parallel 
of 60^ 7 How is the head marked 7 

What two small constellations lie between Cassiopeia and the 
pole 7 Give their boundaries. 

Give the boundaries of Persens* What is its extent in R. A. 
and Dec. 7 What are the principal stars in^ this constellation, 
and how are they situated 7 Where is Medusa's Head 7 What 
stars are in the knees 7 What in the hilt of the sword 7 

How is the Cameleopard bounded 7 Of what kind of stars is 
it composed 7 What is, its extent 7 

.How is the. Lynx situated, and of what does it consist 7 What 
small constellatioa lies south of it 7 

How is the constellation of the Great Bear bounded 7 What 
figure is formed by the seven principal stars 7 Draw this figure. 
What star is at the end of the tail? What star is next to it? 
What two stars point nearly towards the pole 7 Which is nearest 
the pole 7 What two stars of the third magnitude are on a line 
with fi and i 7 Give the situations of the small stars in the head 
and the two hinder feet of the bear. Give the R. A. and Dec. 
of a, y and <• 

What small constellation lies immediately south of the Great 
Bear 7 How is it bounded, and of what is it composed 7 

Plate V, 

What are the principal constellations on this plate 7 

What are the boundaries of Pegasus 7 What three bright 
stars form nearly a square with a of Andromeda 7 In what R. A. 
are a and ^ 7 In what Dec are a and y 7 Mention some of the 
•tars in the head and neck. Where is s, and what are its R. A. 
and Dec. 7 What stars are near /? 7 

Where are the Fishes situated 7 How are they connected 7 
What is the extent of this constellation 7 

How is Andromeda bounded 7 What are the R. A. and Dec 
of « in the head 7 What three bright stars are m a right line 7 

Q # 
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What smaller stars Jie in a line nearly parallel to and above this? 
What star forme, with a and fi, a right-angled^ triangle T 

How is the Ram bounded ? What are the stars in the head f 
Give the R. A. and Dec. of a and j3. Where is ' ? 

What small constellation lies between the Ram and Andro- 
meda 7 What one east of the Triangles ? What figure is formed 
by the stars a, h and c of the Triangles. 

Plate VI. 

Name the constellations on this plate. 

How is that of the Bull bounded ? What is its extent ? What 
are the R. A. and Dec. of a, or Aldebaran ? Mention the princi- 
pal stars in the head. What is this cluster called ? (See Plate 
XVI.) By what stars are the horns marked 7 In what direc 
tion are they from the Hyades ? In what R. A. and Dec are 
the Pleiades, or Seven Stars 7 What four small stars south-wesi 
of these 7 

What beautiful constellation lies south-east of the Boll 7 Haw 
is Orion bounded 7 What is Its extent 7 In what R. A. and 
Dec. are a, or Betelgeuz,' and 0, or Rigel 7 What three stars 
mark the belt, and how are they situated with respect to a and fi 7 
What stars are in the sword 7 What one is just below the 
sword 7 Where Is yl How is the shield marked 7 Draw a 
figure of this constellation. 

Give the boundaries and extent of the Wagoner. What are 
the R. A. and Dec. of a, or Capella 7 What star lies nearly on 
the same parallel 10^ east of Capella 7 How is the head marked ^ 
Mention some of the stars in the southern part of the Wagoner 

How are the Twins bounded 7 In what part are a and ^, or 
Castor and Pollux 7 Which is farthest north 7 What are the 
other five principal stars, and how are they situated 7 Near what 
meridian is a 7 By what parallel is it separated from 7 

How is the Little Dog bounded 7 Give the R. A. and Dec. 
of a, or Procyon. What is the other principal star 7 In what 
direction is it firom Procyon 7 In what from Castor 7 

What constellation lies south of the Twins and the Little Ddg, 
and east of Orion ? What is its extent in R. A. 7 

How is the Crab situated 7 What are the R. A. and Dec of 
the cluster of stars called Prsesepe, near y 7 Where are a and 7 

Plate VII. ' 

Name the principal constellations on this plate. 

What are the boundaries of Bootes 7 What is the «*««»Hi 
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of a, or Arcturns ? What are its R. A. and Dec. ? What two 
stars, the one in the leg- and the other in the girdle, form an iso- 
sceles triangle with Arcturua ? What stars are ahove these two 
and nearly in a line with them ? Draw a figure representing the 
relative positions and distances of the nine principal stars. How 
many degrees apart are ^ und ^ ? What stars are in the right 
or eastern leg? What m the western? What in the club? 
What constellation lies east of the club ? 

How is the Northern Crown bounded ? Draw a figure repre- 
senting the principal stars. What do c, S, y, a, /7 and ^ form ? 
Of what magnitude is a, and what are its R. A. and Dec? 

What are the boundaries of the constellation Hercules ? What 
is its extent in R. A. and Dec. ? Where is a, or Ras Algethi 
situated ? In what R. A. and Dec. is it ? What two stars above 
it have nearly the same R. A. ? What is the distance between a 
and 6 ? Between a and ir ? What two stars are near the meri- 
dian of 250°? Between what parallels are they? What two 
stars are near the parallel of 20°, and between' what meridians 
are they ? Where is the Cerberus, and what ore some of the 
stars in it ? 

How is the Polish Bull bounded ? What are the principal 
stars, and where are tliey situated ? 

How is the Lyre bounded ? What are the R. A. and Dec. of 
a, or Vega ? What two small pairs t)f stars moke, with it, an 
equilateral triangle ? Which of these is fiirthest north ? Where 
are j3 and y ? What double star is near the centre of the Lyre ? 

Plate VIII. 

How is the Great Lion bounded ? Where is a, or Regulus ? 
What star lies about 5° north of it? What star is 5° north-east 
of 9 7 What figure is formed by these three stars with ^, n and e ? 
What star is in R. A. 166° and Dec. 16° north? What one is 
5° due north of this ? What ore the R. A. and Dec. of ^, or Dc 
nebola, in the tail ? Mention some of the most southern sikrs 
in this constellation. 

What small constellation lies south of the fore-legs, and west 
of the hindflegs, of the Lion ? 

How is the constellation of the Virgin bounded ? How is it 
divided by the equator ? What are the principal stars north of 
the equator ? What south ? What stars lie on or near the equa- 
tor ? On what parallel is a, or Spica, situated 7 Whtt is its R. 
A.? What figure does it form with j5 of the Lion, and o of 
Bootes ? What two stars of the third magnitude are within 
this triangle ? What stars are in the southern wing ? What in 
the head ? What in the feet 7 

31 
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How 18 Berenice's Hair bounded? What are tfae mag^todes 
of the Stan of which it is composed 7 

Plate IX. 

How is the constellation of the Scales bounded 7 What are 
the magnitudes and situations of the two principal stars 7 Where 
are 8 and c ? 

What small constellation lies south of the Scales 7 What £bm 
stars in it form a rectangle 7 Which is the brightest 7 

What are the boundaries of the Serpent-bearer 7 Where is «, 
or Ras Alhague, situated 7 What two stars are below a, in the 
shoulders ? Where are n and ^ 7 Name some of the other prin- 
cipal stars. 

Where is the head of the Serpent 7 What stars are in and 
near the head? Grive the R.A.and Dec. of a 7 What is the 
extent of the Serpent in R. A. and Dec. 7 What is the R. A. and 
Dec of the extremity of the tail 7 

Where is Sobieski*s Shield 7 

How is Antinous bounded 7 Name the principal stars, and 
their magnitudes. How are k and < situated with respect to each 
other 7 

Give the boundaries of the Eagle. Between what two stars 
is a, or Altair, situated 7 On what parallel is y 7 What two 
stars lie north-west of Altair 7 

How is the Dolphin bounded 7 What figure is formed by the 
stars in the head 7 What star lies on the parallel with y in tfae 
Eagle 7 Of what magnitudes are these five stars 7 In what R. 
A. and Dec. is y7 

How are the Fox, the Goose and the Arrow bounded 7 What 
are the principal stars 7 Their magnitudes 7 Between what 
parallels do they lie chiefly 7 

In what direction i^ Equiileus firom the Dolphin 7 What do 
the stars a, j3 and 6 form 7 

Plate X, 

Name the constellations on this plate. 

How is the Scorpion bounded 7 What is its extent in R. A. 
and Dec. ? Draw a figure representing the principal stars in the 
body, and those in the tail. Where is a, or Antares, situated ? 
Where is j3 ? What two stars lie neai'ly in a line with these 7 
What three stars of the third magnitude lie in the end of the 
tail 7 Near what meridian are Ihey 7 What stars are on tht 
meridian of 250^7 
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In what direction is the Wolf from the Scorpion ? Mention 
some of the principal stars in the Wolf? What are their mag- 
nitudes generally ? 

What small constellation lies east of the Wolf? 

What one east of that and south of the Scorpion*s tail ? Near 
what meridian are the two principal stars ? On what parallel 
isa? 

Where is the Telescope situated ? 

How is the Southern Crown bounded ? Of what magnitude 
are the stars composing it ? What figure do they form ? 

What are the boundaries of the Archer ? What four stairs 
mark the bow? What three mark the arrow? Which way 
does the arrow point ? What stars ajre in the head ? Give the 
R. A. and Dec. of v. Of n, 

Plate XL 

Name the constellations on this plate. 

What are the boundaries of the Goat, or Capricomus ? What 
is its extent in R. A. ? What are the R. A. and Dec. of the star, 
^? ' What double stars mark the two horns? Where is j? 
What four stars in the tail form a parallelogram ? 

What two small constellations lie south of the Goat ? Which 
of these is farthest east ? 

What constellations lie north of the- Water-bearer ? What 
south ? What east, and what west ? What is its extent in R. 
A. and Dec. ? What stars mark the shoulders ? Of what mag. 
nitude are they ? Mention some of the stars in the Urn and in 
the stream issuing fl:om it What small stars mark tlie western 
limit of this constellation ? What are the R. A. and Dec. of ^ ? 

What are the boundaries of the Southern Fish ? In what R. 
A. and Dec. is a, or Fomalhaut, situated ? What is its magni- 
tude ? What two stars of the third magnitude are there, and 
how are they situated with respect to Fomalhaut ? 

What small constellation lies south of th^ Southern Fish ? 
What are the principal stars in the Crane ? Near what parallel 
are a and /? ? 

How is the Sculptor's Shop bounded ? 

What small constellation lies south of the Sculptor's Shop, and 
east of the Crane ? 

Plate XII. 

Name th^ principal constellations on this plate. 

How is the Whale bounded ? What is its extent ? Give the 
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R, A. and Dec. of a, ^ and o. What four stars of the fourth 
magnitude form a trapezium on the breast of the Whale ? What 
four of the third magnitude between o and fi ? What two be- 
tween a and 7 

What two small constellations lie south of the Whale ? What 
is the principal star in the Chemical Apparatus, and how is it 
situated ? 

Give the boundaries of the River Po. What are the principal 
stars in the northern part ? 

Where is the Time-piece situated? Where is the Graver ? 

What small constellation lies north of the River Po, and east 
of the Whale ? 

Where is the Sceptre, and of what does it consist ? How are 
they situated ? 

How is the Hare bounded ? What are the principal stars in 
it? What are the R.A.and Dec. of a? How are the eara 
marked ? 

Plate XIII. 

Name the constellations on this plate. 

What are the boundaries of the Dove 7 What are the R. A 
and Dec. of a? What three stars are in R. A. 86^7 What 
double star is in the head ? 

What constellation lies south of the Dove ? 

How is the Great Dog bounded ? Name the most conspicuous 
stars. What are the R. A. and Dec. of a, or Sirius ? In what 
direction is this constellation from Orion ? Draw a figure repre- 
senting the eight principal stars ? What two of these are on the 
meridian of 94° ? 

What part of the Ship Argo is represented on this map ? How 
is it bounded on the north, east and west ? What tliree stars are 
on the meridian of 120° ? In what R. A. and Dec are a and fil 
What stars lie between the parallels of 20° and 30° 7 

Where is the Printing Press situated 7 

What are the boundaries of the Compass 7 

Between what constellations is that of the Cat situated? 

Plate XIV. 

Name the constellations on this plate. 

What is the extent of the Water Serpent in R.A.7 What 
constellations bound it on the north 7 What on the south ? In 
what R. A. and Dec. is a, or Cor Hydre 7 What are the stars in 



